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adjustable contact gauges 
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most applications. Brass 
case, with or without flange, : 
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of Pressures. 
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You've no fear of hold-ups or breakdowns when 
dependable Perry chain drives are on the job. Today 
more and more designer-engineers are proving the 
technical and economic advantages of Perry standardised 
chain drives for normal industrial applications. And 
when any special driving problem arises they quickly 
solve it by calling in Perry technicians. May we send 
you free illustrated brochure and full information ? 


PERRY CHAIN CO. LTD., TYSELEY, BIRMINGHAM 
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Enots lubricating systems are used in all branches 
of industry and this service coupled with a range of 
air cylinders, control valves and other pneumatic 
equipment (including the “ British Bellows” Air 
Hydraulic Feed Unit manufactured by Geo. H. 
Hughes Ltd.) has been the means of contributing in 
considerable measure to the increased output of 
many manufactures at home and abroad. 

Our technical representatives are ready to advise on 
any problem regarding the use of our equipment, 
and appropriate literature is available on request. 


aids to greater efficiency 


BENTON & STONE LTD., ASTON BROOK ‘ST., BIRMINGHAM, 6, ENGLAND 
Telephone: Aston Cross 1905. 
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@ CONTACT RESISTANCE 


Almost every application where 
electricity is used involves the 
phenomenon of contact resistance. 
When electricity flows from one 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


THE WORLD 





conductor to another, resistance is 
introduced into the circuit at the 
point or points of contact between the two con- 
ductors. The importance of considering this 
resistance depends upon the relative magnitude 
of the other circuit parameters. Fortunately, there 
are many applications where contact resistance 
may be neglected, because the magnitude of this 
resistance is small compared with other impedances 
in series with it. In general, contact resistance is 
important in high-current, low-impedance ap- 
plications, such as bus-bar connections, motor 
contactors or starters, spot and resistance welders, 
and low-impedance measuring bridges. Contact 
resistance has two components, namely, spreading 
resistance and interface resistance. Spreading re- 
sistance arises from the fact that when two solid 
metallic conductors are brought together, they 
touch at only a few points of the apparent con- 
tacting area. The current is constricted and 
forced to flow through these small sub-areas. 
It is usually very difficult to predict the spreading 
resistance of a given contact because of the un- 
certainty of the number, size, and shape of the 
small conducting sub-areas. Interface resistance 
is mainly due to surface films, usually oxides, on 
the conductors. Recent research has led to the 
conclusion that the spreading resistance of con- 
tacts between square pieces varies inversely as 
the square root of the number of symmetrically 
placed contact sub-areas, provided the total con- 
tact area remains constant. The interface resis- 
tance of contacts is dependent only on the area of 
contact and not on the number of contact spots, 
provided the contact areas are covered with only 
thin films. For very accurate resistivity calcula- 
tions, resistivity variation due to strain hardening 
of the contact material must be taken into account. 


@ PHOTOGRAPHIC INSPECTION OF 

BRAZED JOINTS 

In the production of steel propeller blades, 
the brazing together of two longitudinal sections 
to form the hollow blade is perhaps one of the 
most critical operations. Failure to achieve a firm 
bond at all points in the braze would leave a weak 
spot, which might break under the severe stresses 
to which propellers are subjected in service. It 
Is usual practice to make a first examination of 
the braze visually as the blade is withdrawn from 
the furnace after heat treating. Inspection at this 
Stage is indicated, since a defective spot or void in 
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the braze affects heat conduction, and hence a defect 
cools more rapidly than the area where the brazed 
bond is satisfactory. Thus, any defect is visible 
as a dull spot on the glowing surface. However, 
effective visual scanning of a large brazed area is 
difficult in the brief interval during which ob- 
servation is possible. In order to improve ac- 
curacy of inspection, at least one manufacturer 
of propeller blades has introduced a method in 
which each propeller blade is photographed as it 
is withdrawn from the furnace. After processing, 
the negatives are projected full size, and the 
images scanned carefully for evidence of faulty 
brazing. If a faulty spot is found, its size, shape, 
and location can be quickly plotted, and it can 
be decided whether the blade can be repaired or 
must be scrapped. In taking the photograph, the 
only illumination required is the normal shop 
lighting and the glow of the red-hot blade. The 
exact instant of taking the photograph is deter- 
mined by the inspector at the furnace operation. 
Upon withdrawal of the blade from the furnace, 
he plays an air hose over the blade for a short 
period to produce the right amount of cooling 
for optimum indication of any defective spots and 
when this point is reached, the photograph is taken. 


@ PRESSURE-CAST JOINT ASSEMBLY 

To judge from a recently issued patent 
specification, considerable efforts are being made by 
certain overseas bicycle manufacturers to lower the 
cost of their products by cheaper manufacturing 
methods. In the instance referred to, welding of 
the tubular frame is dispensed with by making 
the frame joints in two-part moulds by casting a 
molten alloy around the tube ends. This is not 
in itself a novel process, but the substance of the 
invention consists of an improved version of this 
process, in which it is proposed to make the 
joints by high-pressure injection casting. For 
this purpose, the use of a casting machine is 
envisaged, capable of injecting the molten alloy 
into the mould at 140 to 420 psi. For making this 
joint, an aluminium alloy is specified, containing 
6 to 15 per cent silicon, 10 to 28 per cent zinc, 
and 0-1 to 1-0 per cent each of chromium, man- 
ganese, and magnesium. It is claimed that, by 
embedding the tube ends in the cast alloy, a firm 
joint is made, owing to the shrinkage of the alloy 
upon solidification and to interface bonding of the 
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addition to the Wiggin range of high-nickel alloys. A nickel- 
molybdenum-iron alloy, it is of particular interest because of its 
exceptional resistance to most acids (but especially hydrochloric acid 
in any strength and at any temperature—including boiling). It has 
already been tested and proved in service and is now 
A publication giving 
detailed properties of 


CORRONEL B* is 


available free of charge. 
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Wiggin Street + Birmingham «+ 16 
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contacting surfaces of steel and alloy, thus securely 
holding the structure together. Furthermore, as 
the aluminium alloy has a low melting point, the 
steel tubes joined will not be overheated in the 
process, with resulting deformation, nor is a final 
finish required. Considering the process as such, 
and disregarding the specific purpose for which 
it was devised, there may possibly exist oppor- 
tunities for applying this type of assembly process 
to manufacturing techniques where minimum 
production cost is an overriding consideration. 


@ X-RAY TUBE CONTROL 


The quantity of X-rays generated at the anode 
of an X-iay tube is a function not only of the 
electron driving potential maintained between 
the anode and cathode of the tube for electron 
driving purposes, but is also a function of the rate 
at which electrons are emitted by the cathode. 
The intensity of the X-rays, i.e., their penetrating 
ability, is a function of the electrical potential 
applied to the anode and cathode for electron 
driving purposes. Accordingly, it is common 
practice to control the character of the emitted 
X-ray beam produced at the anode by adjusting 
the rate of electron emission at the cathode, or 
the electron driving potential between anode and 
cathode, or both. It is, of course, desirable that 
the sectional configuration of the X-ray beam 
should remain uniform through the range of 
operating voltages and that the boundaries of the 
beam should be narrowly defined. A recent in- 
vention envisages an X-ray tube in which the 
cathode emitting the electrons is located in the 
hollow of a concave disc facing the anode and has 
a control grid, which is electrically connected 
with the focussing disc and which extends across 
the electron beam path. This grid is arranged at 
a distance from the cathode of less than one-eighth 
the mean distance between cathode and anode ; 
by adjusting the potential of the grid and with it 
that of the focussing disc, both the intensity and 
the cross-sectional area of the electron beam can 
then be controlled. This arrangement lends itself 
to automatic control of the size of the loaded 
anode target by adjusting the size of the impinge- 
ment area as a function of the loading to which 
the anode target is exposed. 


@ GRINDING HARD ALLOYS 


_It is claimed that by chemico-mechanical 
grinding of hard alloys the need for extra-grade 
grinding wheels can be completely eliminated. 
Moreover, during the grinding process, no heating 
of the hard alloy takes place, thus eliminating any 
danger of micro-cracks. The process is based on 
the principle that in electrolytic solutions the 
surface of a hard alloy is particularly heterogeneous 
with respect to its electro-chemical properties, 
tungsten carbide grains being electro-positive and 
cobalt particles being electro-negative. By flooding 
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the surface to be ground with an electrolyte, the 
activity of the numerous galvanic cells leads to 
corrosive breakdown of the cobalt bond and ex- 
poses the tungsten carbide grains. In the grinding 
operation, the complete loosening of the tungsten 
carbide grains should, however, be avoided ; thus, 
the galvanic corrosion process is limited to breaking 
down the stability of the surface layer of the 
alloy, thereby increasing speed of material re- 
moval by grinding. The most suitable electrolytes 
for carrying out the process are stated to be 
solutions of electro-positive metal salts, such as 
those of silver, copper, and mercury. These’ 
electrolytes serve to dissolve the metallic cobalt 
contents of the hard alloy; in order to maintain 
constant concentration of the electrolyte in opera- 
tion, a regular supply of electrolyte to the surface 
to be worked must be maintained. Copper 
sulphate solution, containing finely divided abra- 
sive material, has been found especially suitable, 
as it covers the surface of the workpiece with a 
thin layer of copper which is removed by the 
action exerted on the abrasive powder by the 
grinding wheel. The latter must be made of an 
acid-resistant steel, e.g., an austenitic high chrome- 
nickel steel of the stainless type. A disadvantage 
of the process is of course that the grinding plant, 
etc. must be made of corrosicn-resistant material. 


@ OPTICAL PROFILE GRINDING MACHINE 


A new optical profile grinding machine has 
been put on the market and, according to the 
claims of its makers, it is capable not only of 
grinding any desired form of profile, but also of 
testing the accuracy of the outline produced. 
Moreover, it is claimed that inaccuracy due to 
distortion is eliminated by projecting only one 
section of a symmetrical profile. The new machine 
should simplify inspection of machined parts, as 
there is no need to set it up in a darkened room, 
the light employed to project the image of the 
grinding wheel face upon the table being bright 
enough to produce an image with sharp outlines 
in full daylight. The operator is able to watch 
the projected image continually through a mirror, 
which may be set to suit his convenience. The 
projector employs a very bright water-cooled 
mercury-vapour lamp. No templates are employed 
in this machine, but the contours are taken 
directly from the drawing. As the dimensions in 
the drawing may be reduced according to any 
fixed ratio, a given profile can be easily copied to 
any scale with the use of a single drawing, the 
required ratio being set by means of gauge 
blocks. In operation, the projector table is moved 
in such a manner that the projected grinding 
wheel face closely follows the outline in the 
drawing. The movement of the compound pro- 
jector table is transmitted to the work-holding 
table by means of two levers, which perform on 
the pantograph principle, the leverage being equal 
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PROBLEM How to remove fumes 
from Oil Quench Plant 


This specialised aspect of fume removal is one met with in many 
engineering shops today. The successful solution depends on the 
working conditions, size of plant etc., and in every case calls for 
an expert knowledge of the many factors governing fume removal. 


SOLUTION instal an “ Airflo” 
Fume Removal Plant 


Illustration, reproduced by courtesy of The Standard Motor Co., 
Ltd., Coventry, shows how the problem was successfully dealt 
with on a large installation. Provision is made for working on all 
sides, also for crane rail and crane that runs between the two 
ducts. Four separate exhaust units are provided 

and the whole installation is approximately 

30 ft. long. 


Write, ’phone or call—we shall be pleased 
to help with your Fume Removal, Ventilating TRADE MARK 
or heating problems. 





INDUSTRIAL FAN «& HEATER CO LTD 
WORKS, BIRMINGHAM, II, phone: VICtoria 2277 
MANCHESTER: CITY BUILDINGS, 69 CORPORATION ST., 4. ’phone: Blackfriars 6918 


“ 


STANDARD STEEL FRAMED BUILDING 


SPAN HEIGHT TO EAVES. 
Zot. .. St, (te 12 fe. 

Bott: .. “Bt, i0 fe. 12 fe. 15 ft. 
40 ft. <. Sift,  0'fe; i2fe. U5ite. 
pod, .. Bite, Get. te Ste. 
cote. .. Ot., 10 fe. f2fe. [5 e. 


Lean- - ve Canopy extensions are also supplied at Standard Roof slope 
in. 2}. Buildings any lengths in multiples of 12ft. 6in. 
Widths in multiples of standard spans. 


Large Sliding doors. Perspex Roof lights or 
patent giazing. Steel framed windows. 
Completely or partly clad in 

Asbestos Cement. 


Supplied, erected and sheeted camplete on yonr prepared foundations. 


ENGINEERING CO. LTD 


LANESFIELD WOLVERHAMPTON Telephone: BILSTON 41927-8-9 
mieretolIy OFFICE. 27, OLD BOND STREET; W.l. * * 2 ° Telephone: GRO. 3626 -7-8 
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to the optical magnification and the scale to which 
the drawing is made. The accuracy of the contour 
produced is independent of the shape of the 
grinding wheel face. For the purpose of testing 
the workpiece, the movable part of the projection 
apparatus is locked and the contour of the work 
is compared with the contour given in the drawing. 


@ BONDING OF METAL TO WOOD 


A recent investigation into the relative value 
of glued joints between wood and metals, as com- 
pared with bolt and rivet joints, has yielded 
interesting results. The glued joint is of con- 
siderably higher strength than the bolt joint made 
with the same materials, and in actual practice 
much smaller weights can be achieved with the 
glued joint. The savings in raw materials are 
also remarkable, it is stated. The glued joint is 
considered to be particularly superior whenever 
vital importance is attached to the “ efficiency ” 
of the structure, as expressed in terms of its 
strength/weight ratio. In appreciation of this 
fact, the aircraft industry has already to a great 
extent abandoned the older methods in favour 
of wood-to-metal bonding. If the pieces to be 
joined are of small thickness and of lamellar 
shape, then bonding is the only process which will 
yield a satisfactory joint. When metal mounting 
brackets or other similar structures have to be 
attached to wood, it is advisable to employ the 
bonding method, if the load mainly produces 
shearing stresses co-planar with the adhesive layer. 
If the forces acting on the joint cause tensile 
stresses in a direction perpendicular to the seam, 
bonding should be used with great caution and 
the workpieces should be carefully designed and 
tested. Sometimes bonding can be employed with 
success if the pieces to be joined are of very great 
thickness, thereby eliminating the need for bolts 
or rivets of very great length. In the manufacture 
of closed box-like structures, bonding may sim- 
plify design because the apertures required for 
the bolting or riveting operations can be omitted. 
It is considered that the advantages offered by 
the bonding method are so obvious that it will 
find widespread employment in all fields of 
industry where metal-to-wood joints must be used. 


@ NOVEL POWDER METALLURGY 

PROCESS 

A new powder metallurgy process is being 
developed which will make it possible to form 
directly to shape complicated parts having under- 
cuts, twists, sharp notches, and threads. It is 
claimed that in a pilot production plant shapes 
have already been produced which are more 
complex than those commonly formed in brass 
or by iron powder metallurgy, yet the process 
forms pieces in carbides and hard-to-melt metals, 
such as titanium and zirconium. It is reported 
that titanium parts have been pressed and sin- 
tered with a tolerance of 0-008 in., other metals 
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having been formed to even closer tolerances. In 
the laboratory processing of carbides, the method 
has produced jet aircraft blades complete with 
fir-tree roots, helical gears with deep and ac- 
curately formed teeth, and titanium parts with 
accurate threads. It is claimed that the new 
process requires compacting and a single sintering 
operation only, and that no machining has been 
necessary On most experimental pieces so far 
produced. In the field of carbides and titanium, 
the metal savings obtainable with the new method 
would appear to be especially important, since 
these materials are expensive. It is well known 
from general powder metallurgy practice that, 
as complexity of pieces is increased, the problem 
of obtaining uniform denisty becomes increasingly 
difficult to solve. Thus screw threads on a piece 
will normally be less dense than the central part 
of the piece, which gets the full compacting 
pressure. This means that portions which should 
be stronger often may be weaker than the re- 
mainder of the piece, and this is one of the key 
problems claimed to be solved in the new process. 


@ NEUTRALISING THE ADVERSE EFFECTS 
OF VANADIUM IN FUEL OIL 


The vanadium content of certain fuel oils is 
known to be the source of considerable trouble in 
both boiler and gas turbine plants. A recent 
invention aims at suppressing the atiack of the 
metal by alkali vanadates by the addition to the 
combustion products, or to the fuel oil itself, of 
at least one of the following materials : Calcium, 
magnesium, barium, strontium, zirconium, or a 
compound of such materials, other than a silicate. 
The amount of material added should be at least 
one half of the vanadium content of the fuel. At 
high temperatures, these compounds react with 
the corrosive vanadium compounds to form less 
active compounds, the melting points of which 
are higher than that of the vanadium ash contained 
in the combustion products. The additive ma- 
terials can be used in the form of inorganic or 
organic compounds. In general, the organic com- 
pounds have the advantage of decomposing at 
relatively low temperatures, thus releasing the 
active substance. Of the calcium compounds, the 
oxide, carbonate, silicide, and carbide are claimed 
to be suitable; so too are the organic stearate, 
butyrate, naphthenate, oleate, and oxalate salts. 
Among other compounds for which good results are 
claimed are magnesium oxide, magnesium car- 
bonate, barium oxide, and strontium oxide. The 
various materials mentioned may be introduced 
into the combustion zone, in the form of a 
powder or dissolved in a liquid, separately from 
the fuel, or they may be mixed with the fuel at 
a point in advance of the combustion zone. 
Furthermore, a number of the additive materials, 
or substances containing them, can be introduced 
separately into the combustion zone. 
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VORTEX GAS CIRCULATION IN 

ANNEALING FURNACES 

It has been found that uniformity of product 
heating in batch-type annealing furnaces can be 
considerably improved by intensifying gas cir- 
culation in the furnace by means of jet-type 
burners, thus eliminating the need for installing 
costly mechanical circulating blowers, specially 
designed for high-temperature operation. In a 
recently developed burner of the jet type, exit 
velocities as high as ten times those achieved in 
normal burners have been claimed. Based on the 
principle that a liquid must first be vaporised 
before it can be burned rapidly, this process is 
accomplished in the burner by utilising a small 
portion of the heat of combustion itself. For this 
purpose, the burner internals are so designed as 
to achieve re-cycling of the products of combustion 
to the throat of the venturi by means of the low- 
pressure zone created at that point by the primary 
air. Fuel is injected through a pressure-atomising 
nozzle at this point, so that hot products of com- 
bustion are immediately brought into contact with 
atomised oil, where vaporisation takes place. It 
is reported that no secondary air is needed and 
that a flame holder maintains flame stability, so 
that combustion takes place about 85 to 90 per 
cent within the confines of the combustion chamber. 
Flame length is said to be some six inches, and 
since the heat release amounts to the high figure 
of some ten million BTU per hour per cubic foot 
of combustion volume, an exit velocity of ap- 
proximately 300 fps is obtained. In one recent 
application, the furnace was equipped with four 
equally spaced burners on each side of the furnace, 
each burner set at an appropriate angle, so as to 
create two counter-rotating patterns of circulating 
gases in the furnace. With the use of this type of 
burner, it should be possible to create gas flow 
patterns in the furnace especially adapted to the 
type and configuration of product to be annealed. 


@ MEASUREMENT OF ACCELERATION 

PULSES 

It has been recognised generally that it would 
be most desirable to have a complete magnitude- 
versus-time record of a shock motion, to enable 
the effect of the shock on a structure to be com- 
puted accurately. However, the complexity of 
the measuring apparatus required often makes 
it impracticable to obtain such a record. In an 
attempt to simplify such instrumentation, much 
work has been done on the development of 
various peak-reading accelerometers. The diffi- 
culty of obtaining any time-duration information 
from such peak-reading instruments, has, however, 
severely limited their usefulness. The multi- 
frequency reed gauge stands midway in com- 
plexity between the seismic-type time-recording 
instrument and the simplest form of peak-reading 
device. It consists of a series of single-degree-of- 
freedom systems of various frequencies, so arranged 
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that the maximum displacements of each mass 
can be recorded. The name is derived from the 
fact that the elements usually take the form of 
cantilever beams, or reeds, with concentrated end 
masses. Since maximum displacements only are 
recorded, no time-recording mechanism need be 
incorporated into the instrument, and this not 
only simplifies the design considerably, but elimi- 
nates the need for a power supply. In a recently 
published paper, it is shown that the data recorded 
by a multi-frequency reed gauge can be used to 
derive information about the time history of the 
exciting motion. If the general shape of an 
exciting accelerating time pulse is known approxi- 
mately, then reed-gauge data will permit the 
calculation of peak acceleration, time-duration of 
the pulse, and time-co-peak acceleration. A 
study of response curves for typical pulses will 
thus yield design data on proper frequencies, 
frequency distributions, and damping for the 
individual elements of the gauge. 


@ ELECTRICAL SINTERING OF CERAMIC 

PARTS 

For use in gas turbines, ceramic material must 
have very special properties. The mechanical 
strength must be high because of the high tem- 
peratures at which the turbines operate and the 
sudden temperature changes which occur (“ ther- 
mal shock”). This requirement can, however, 
be met by using compositions in which materials 
with good thermal conducting properties, such 
as silicon carbide, are added to mechanically strong 
basic materials and by employing manufacturing 
processes especially designed for the purpose. 
Until now, practically all ceramic materials have 
been fired by separate heating, i.e., by supplying 
the heat required for initiating the sintering 
process from an external source. In this procedure, 
the heat is distributed in the workpiece solely by 
heat conduction. With large workpieces and 
masses of great thickness, this leads to tempera- 
ture gradients which can be kept at a tolerable 
level only if the temperature is very slowly 
increased. Apart from the fact that this is an 
uneconomic procedure, it is to a certain extent 
unreliable, because the larger pieces sinter un- 
evenly and thus acquire different properties 
throughout the piece. It has now been proposed 
to heat such pieces either by passing an electric 
current through them, or by applying to them 
high-frequency induction heating, and to shut 
off the current supply when the change in the 
electrical characteristics of the piece indicates 
completion of the sintering process. This method 
utilises the fact that, in the initial stage, the 
electrical conductivity of the material is low, but 
as, in the sintering process, the granules with 
good electrical conductivity move more towards 
one another, the electrical conductivity and the 
mechanical strength reach a maximum. 
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FARNBOROUGH POSTSCRIPT 


THE annual Harvest Festival of the aircraft industry at 
Farnborough was celebrated this year under the banner 
of consolidation. In retrospect, this seems an appro- 
priate occasion for measuring the achievements of 
aviation. 

The atmosphere of salesmanship which surrounds 
this Show of Shows obscures the controversial issues 
behind it, but in a critical review we must reject some 
hitherto accepted yardsticks of achievement and seek 
more appropriate ones. Each major aim in engineering 
is achieved through a chain of creation, in which every 
link appears as the immediate aim of its predecessor. 
Thus, engineers are tempted to presume superior 
knowledge of the purpose of their endeavours and to 
forget the really significant first and last links. 

The achievements of aviation cannot be assessed by 
its history. Characteristic of aviation is the long duration 
of its infancy. If we select any item in the evolution of 
flying and trace its progress over the years we shall 
discover a continuous improvement, almost without a 
break. However, we shall also discover that average 
achievements, representing the real effectiveness of 
aviation, have invariably followed in the wake of record 
breakers. This youthful confidence tends to foster the 
belief that all that is required in all branches of aviation 
are faster, larger, and higher-flying machines, only a 
few irrepressible ‘‘ ugly sisters,” with rotating wings, 
and similar monstrosities being permitted to mar the 
harmony of the progress of aviation via the guided 
missile to the space ship. 

The achievements of aviation cannot be expressed 
at all by its quantitative records. On the purely human 
level, there is something unquestionable about the 
superiority of the fastest runner, but in engineering, 
records measure achievements in agreed directions 
under agreed conditions. As a matter of fact, from the 
technical point of view, the hero of an air speed record 
may be, if anything, a hindrance, as, without a piiot, 
much faster flight can easily be attained. 

Inevitably, therefore, we must go back to the funda- 
mental tasks of aviation, if we wish to judge its 
achievements: Essentially, we rise into the air for one 
of the following purposes :—To get down somewhere 
else (air-transport) ; to exercise fire power (military 
aviation) ; to perform a job which requires an elevated 
position (aerial survey); or, finally, to experience the 
thrill of flying (pleasure). 

Compared with the rest of the flying world, flying 
for pleasure is virtually extinct. At least, those who 
hope for its survival no longer look to Farnborough. 
Aerial survey work has also had little attention, the 
main interest being shared by commercial transport and 
military requirements. 

It is difficult to escape the impression that economy 
takes last place in the list of considerations governing 
the development of transport aviation. Perhaps the 
policy makers do not often pay their own fares. Leaving 
out the interruption in the progress of commercial 
aviation during the war years, the last decade has been 
characterised by a steady increase in speed and im- 
provement in comfort. Progress in the reduction of 
flying costs, however, has slowed down almost to a 
standstill. Speaking very broadly, the turbo-prop 
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** Viscount” has no advantage in flying costs over the 
piston-engined ‘‘ Ambassador ” or the ‘‘ Convair,” ex- 
cept in special circumstances, such as on inland routes, 
where it is favoured by a wholly artificial differential in 
fuel tax. The turbo-jet ‘‘ Comet” is less economical 
than the “‘ Viscount,” and there is no jet-propelled 
aircraft in sight which could not be made more economi- 
cal by replacing the turbo-jet with a propeller. 

he value of speed in air transport is itself a most 
controversial subject among air transport operators. 
The intangible value contained in the sales appeal of 
the faster aeroplane is undeniable, but this appeal has 
not really been tested in competition with the appeal 
exercised by cheaper fares, since all air fares are at 
present controlled. Moreover, the value of increased 
speed is measured by the consequent saving of time, 
which in turn must be assessed in the light of human 
habits. Most passengers count their expenditure of 
time in days and fractions of a day, not in hours. On 
shorter journeys, the time available at the destination 
before the return journey is the decisive consideration. 
Speed of travel counts insofar as it can be expressed as 
a percentage increase in the time spent at the destination 
on a typical short journey, usually occupying one day, 
quite apart from the fact that no less than two hours 
are usually wasted getting to and from the airport. 

The history of other means of transport provides 
some sobering thoughts. In most European countries, 
experimental trains reached a speed of 120 mph around 
the turn of the century. To-day, 75 mph is an excep- 
tional speed. 

Size in air transport is an equally controversial 
subject, but here the controversy is better known to the 
public because, although the ‘‘ Brabazon,” born with a 
flourish, was this year buried inconspicuously, the 
ceremony has, nevertheless, been widely noticed. 
Moreover, few people fail to realize that no more ocean 
Queens are being built, that trains are being converted 
into rail-cars, and that the size of buses has not materially 
increased for a generation. 

Perhaps, when Britain’s re-entry into air transport 
manufacture was planned, there was a feeling that, since 
something new must be offered to break the American 
monopoly, speed and size were the most desirable 
aims. The results achieved since then have been most 
impressive, for this country has produced two or three 
very fine airliners, practically without competitors in 
the whole world. 

However, the success of one action can often be 
used to prove more than one philosophy. The philo- 
sophy, which seems to some to be a more significant 
lesson for the future than the appeal of ever higher 
speeds, is the effectiveness of concentration upon a 
given task. The ‘‘ Ambassador,” ‘‘ Viscount,” and 
‘* Comet,” are in economic terms almost identical and 
approached only by the latest American products. All 
these are vastly superior to the makeshift adaptations 
of military aeroplanes, produced immediately after the 
war. Do not the equivalents of these three machines, 
based on utterly divergent conceptions of design, and 
the gap between these and the immediate post-war 
products, tend to make one believe that designers seem 
to have concentrated more on the comfort of the human 
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posterior and the length of time it occupies a seat, than 
on its safety ? 

True, there is a strong body of opinion which regards 
safety, together with economy and the provision of 
shorthaul services, as the main tasks of air transport in 
the next decade. Most experts believe that safety is 
best served by improvements in take-off and landing 
instrumentation and by the incorporation of ‘‘ crash- 
worthiness.” Economy demands not only that airliners 
must be built for transport but that there must also be 
improved co-ordination between the machine and its 
service. Co-ordination is promoted by making every 
machine as flexible as possible, without loss of efficiency, 
and by providing a sufficient variety of machines for 
the different services of a network. As an example of 
the great sensitivity of air transport economy to the 
conditions of its service, it is profitable to remember 
that the strength and direction of a prevailing wind may 
decisively change a profitable operation into an un- 
profitable one. The present ‘‘ Comet ”’ has a profitable 
payload on certain Eastern services but would be hope- 
less on the Transatlantic service, although the stage 
lengths are nearly identical. 

Fast and economical inter-city short-haul services 
require the development of large multi-engine heli- 
copters, and perhaps even of convertible aircraft which 
can take off and land like helicopters, but can fly like 
aeroplanes. 

Those who deplore the lack of emphasis on safety, 
economy, and short-haul services believe that these 
developments could be assured if the effort now devoted 
to higher speeds were transferred to other criteria of 
air transport. Compared with their possibilities, the 
slow progress of such developments, as evidenced at 
Farnborough, is disappointing. Nevertheless, some of 
the exhibits, even if not entirely new, bear witness to 
limited activities not wholly confined to speed. Thus, 
the Napier ‘‘ Nomad ”’ engine, with an entirely new 
order of fuel consumption, the giant Blackburn freighter, 
and the new version of the Bristol 173 helicopter fulfil 
earlier promises. All the same, it is still a long way to 
the helicopter bus taking 14 hours between the centre 
of London and the centre of Paris, to air fares based on 
3d per passenger mile, to large-scale freight operations, 
and to railway standards of safety. 

In military aviation, one important school of thought 
puts the emphasis on fast long-range bombers. What 
jet propulsion and other innovations of the post-war 
era have done is to increase speed without necessarily 
reducing range. If the theory is accepted that defence 
must take second place, then the only question that 
matters is how fast a bomber can be flown with a given 
range and a given bomb load. Probably the most sig- 
nificant development in this direction is the progress 
made in flight refuelling. Compared with this, different 
shapes of wings, whether straight, swept, crescent, or 
delta, however interesting they may be as objects of 
study, seem to be of no greater significance than the 
controversies about Dior’s dicta on the length of skirts. 

Others believe that, in the event of actual conflict 
in the foreseeable future, a strategy based merely on 
atomic and hydrogen bombs will be unrealistic. If this 
view is correct, then defence, however imperfect, 
assumes a vital significance. The fact which emerges 
most clearly is that the jet age has destroyed the gap 
between the speed of the bomber and that of the fighter 
—usually a decisive factor in the last war. 

These ideas lead us straight to the greatest of all 
controversies in any debate on a policy for military 
aviation, this being the distribution of resources between 
research, development, production, training, and squad- 
ron strength. Engineers are biased in favour of greater 
concentration on scientific knowledge, designing skill, 
and the human and material resources of production. 
The fighting man will, of course, favour the accumulation 
of equipment in the field and of trained teams of flying 
personnel. In a world in which only change and un- 
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certainty are certain, it would seem that the engineer’s 
outlook ensures the less easily acquired and more 
flexibly usable investment. 

The development of aviation is likely to affect our 
lives to an increasing degree. The present fashion pro- 
vokes a challenge to the universal worship of speed as 
the most meritorious exercise for the virtues of icono- 
clasm. If it is said that resentment of speed is a sign of 
advancing years, the answer is that the years advance 
whether we dislike speed or not, and the best gift they 
can give us is the wisdom of critical thought. And, in 
conclusion, for the benefit of those complacent die-hards 
who point with pride to the present achievements of 
aviation, let us remind them that the spectacle of 100 
tons of metal, screaming along a costly mile-long stretch 
of concrete runway at 90 mph, just to be able to get into 
the air and to come down again, is surely enough to 
make even the humblest sparrow twitter with derision. 





Some Impressions of the THIRD EUROPEAN 
MACHINE TOOL EXHIBITION, BRUSSELS 


Technically, relatively few new developments could 
be seen at the Brussels Exhibition, compared with those 
disclosed at the previous exhibitions held in Paris and 
Hanover ; nevertheless, the display of about 3000 of 
the most modern machine tools was still very impres- 
sive. The giants of 100 or more tons occupying so 
much space at Hanover were missing, mainly because 
of the absence of overhead cranes and because of soft 
earth floors, which would have necessitated concrete 
foundations for each heavy machine installed. 

The attempted systematic division of machines into 
their respective categories could not be accomplished 
and it seems that on each occasion this desirable dis- 
tinction cannot be achieved. For instance, to take one 
example among many, a well-known German firm, one 
of the leading manufacturers of milling machines and 
special grinding machines, appeared in the group of the 
latter category, while the grouping of light machine 
tools in halls 3 and 11 was somewhat haphazard. 

Even more to be criticised than casual arrangement 
was the lack of a comprehensive catalogue. Although 
the official catalogue clearly indicates the distribution 
of the stands in the individual halls and includes an 
alphabetical index of names, addresses, and stand 
numbers, the lack of additional information has been 
felt by many exhibitors. As a result, specially compiled 
and more detailed catalogues have been issued by the 
German, French, Belgian, and Dutch organisations ; 
in particular, the German catalogue with its excellent, 
classified information should be mentioned. ‘There 
seems to be no reason why such classified information 
should not be introduced into the official catalogue, 
together with indications of the types of machines pro- 
duced by individual manufacturers. 

An outstanding feature of the Exhibition was the 
prominence given to copying machines. Only a few 
years ago, such equipment, produced by specialised 
firms and adaptable to various common machine tools, 
ruled the market. Now, however, machine tool manu- 
facturers are developing machines which are not only 
directly adapted to the purpose, but which are also 
useful for ordinary operations. These new machines 
differ from their simple forerunners in many respects, 
such as shape and arrangement of slides, feeding and 
control devices, and therefore justify a special 
designation. The copying principle, as the Exhibition 
has shown, is not, of course, confined only to lathe 
operation, but now embraces die milling, shaping, ver- 
tical lathe work, and grinding. In this connection, 4 
number of interesting and significant developments 
could be studied at the Exhibition. It is clear that 
undirectional copying is not the ultimate answer, and 

(Concluded on page 404) 
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By P. M. CLARK. 


As a part of the development of nuclear power for 
submarine propulsion, the author’s company, Knolls 
Atomic Power Laboratory, operated by the General 
Electric Company for the U.S. Atomic Energy Com- 
mission, designed and built a relatively large heat- 
transfer test system, in which liquid sodium and liquid 
sodium-potassium were used as heat-transfer media. 
The design of a suitable pump to circulate liquid 
metal was complicated by lack of information on liquid- 
metal corrosion, bearing operation in liquid metal, and 
A design study produced a 
centrifugal pump with a long overhung shaft and a shaft 
seal. By this means, the problem of bearing operation 
in liquid metal could be eliminated. 
The extreme purity requirements of an alkali-metal 
system made the seal problem the most difficult to solve. 
The leakage of liquid metal from the pump had to be 
Gas leakage from the pump and seal 
gas leakage into the pump had to be kept to a minimum. 


high-temperature 


absolutely zero. 


seals. 





Mechanical Pumps for High-Temperature Liquid Metal 


(From Mechanical Engineering, Vol. 75, No. 8, August, 1953, pp. 615-618, 6 illustrations.) 
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Even though the inert gas used to blanket the system 
has a high degree of purity, large quantities passed over 
the liquid surface would cause oxygen contamination 
and the cost of maintaining the blanket would be 
prohibitive. 


DESCRIPTION OF PUMP 

The pump, illustrated in Fig. 1, is a single-volute, 
radial centrifugal unit, with a specific speed of 926. It 
is designed to circulate 400 U.S. gpm of liquid metal at 
temperatures up to 750° F, with a head of 126 ft and a 
pump speed of 1750 rpm. Two identical pumps were 
built. 

The pumping elements are contained in a large drain 
tank pressurised with inert gas, while the support 
bearings and the 20 hp drive motor are located above the 
floor plate. The d.c. motor is driven by a high-current 
amplidyne for variable-speed control. The support 
bearings are standard close-tolerance ball bearings. 
The drain tank returns any pump leakage to the system 
storage tank. 

Immediately above the impeller is a section called the 
shaft-cooler labyrinth, where the shaft is cooled by 
pumped fluid. Liquid metal is taken from the dis- 
charge side of the pump, passed through a heat ex- 
changer, and returned to the pump through the shaft- 
cooler inlet pipe. Part of the liquid passes down 
through the labyrinth into the pump suction, thereby 
cooling the shaft. The remainder spills over the top of 
the bushing and down. into the drain tank. This 
leakage, which amounts to about 1 U.S. gpm, is returned 
to the system by a small electromagnetic filler pump. 
The shaft-cooler labyrinth then acts to cool the shaft and 

to form the primary liquid seal, 
_E> & DISCHARGE Line limiting liquid-metal leakage and 

preventing gas leakage into the 
pump suction. 
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above the shaft-cooler labyrinth 
and separated from it by a 
flinger, to prevent liquid from 
passing up the shaft. The second 
labyrinth is cooled by an oil 





4 jacket which surrounds it. A gas 
bleed of about 0:5 cfm is fed into 











the labyrinth to sweep down 
liquid-metal vapours diffusing 
into it. The oil-cooling chamber 
acts to cool the shaft and con- 
dense any vapour that diffuses 
into the labyrinth. This laby- 
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Fig. 1. 
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rinth and oil-cooling chamber 
provide protection for the gas 
seal mounted above. 

The gas seal itself is a rotary 
face seal consisting of a stationary 
carbon element and secondary 
silicone rubber packing, which 
provides for flexibility. The 
carbon element runs against a 
flinger rotating on the shaft. The 
flinger deposits any oil passing 
through the seal into a drainable 








trap provided for it. The seal 
adapter is illustrated in Fig. 2. 
The shaft is designed con- 
siderably oversize, so that the 
long overhang will not cause 
deflection in the shaft-cooler 
= bushing, where the radial 
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Section through mechanical pump for high-temperature liquid metal. 
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clearance is 0-0055 in. Further- 
more, stresses in the shaft and 
impeller are kept to a mini- 
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Fig. 2. Seal adapter. 


mum, so that the pump will not be damaged by 
short-period over-temperature operation. It has been 
calculated that the pump will heat up through 
** egg-beater ” action from 725° F to 1500° F in about 3 
minutes, should the pump discharge be shut off com- 
pletely. 

The pump shaft, the drain tank, the floor plate, and 
all parts within the drain tank, with the exception of 
the shaft-cooler bushing and the gaskets, are made of 
stainless steel. The shaft-cooler bushing and the gas- 
kets are made of nickel. 

The shaft has a stellite facing opposite the shaft- 
cooler bushing, and all bolts have a hard nickel-plate or 
nitrided surface to prevent galling. 


SEAL DEVELOPMENT 

Packings: Several metallic and soft packings were 
tested. Owing to the cleanliness required in the 
liquid-metal system, very little lubrication could be 
permitted. The use of solid lubricants (graphite and 
molybdenum disulphide) was investigated. Since only 
small quantities could be added to the packing, the 
effectiveness of solid lubricants was limited to the period 
during which the lubricant would remain impregnated in 
the’packing or held between the shaft and packing. Liquid 
lubricants remained for shorter periods and quickly 
oxidised or vaporised, making them totally undesirable. 
Essentially, then, the packings had to run dry. Operat- 
ing periods were limited to the length of time in which 
lubricant remained in the packing, plus a short period of 
dry operation (with associated high torque and leakage), 
until the packing seized the shaft. Soft packings 
(generally asbestos with various binders and impreg- 
nants) operated somewhat more successfully and 
provided lower leakage rates, but failed in the absence of 
lubrication. Leakage rates for packings in all com- 
binations generally were in excess of 10 standard cu ft 
per hr at a pressure of 15 psig. The set limit for the 
liquid-metal systems was less than 1 standard cfh of gas. 
The packing life during the tests was limited to a maxi- 
mum of about 100 hr. 

Rotary Face Seals: Considerable improvement in the 
leakage rate was obtained when the development 
switched to rotary face seals. A leakage of less than 0-1 
cfh can be expected with this type of seal. The chief 
disadvantage of this seal is the fact that the pump must 
be disassembled completely in order to replace the seal. 
Consequently, the seal must be durable. 

The type of rotary face seal employed in most of the 
test work was chosen because of its compactness, sim- 
plicity of design, and adaptability to the pump. The 
problem resolved itself into a question of carbon 
durability and compatibility between the stationary 
carbon element and the revolving seal ring or flinger on 
the shaft. In order to effect the low leakage rates men- 
tioned, it was found necessary to lap both the carbon and 
wearing surfaces very flat. A good surface finish also 
is required. Most of the wear rings averaged about 
1 micro-inch surface roughness. A surface measuring 
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over 2 micro-inches was rejected. Both these cop. 
ditions were accomplished by the use of a diamond grit- 
impregnated lapping plate. Any loose abrasive-lapping 
process resulted in abrasive-particle penetration of the 
metal wear ring or carbon-seal element, thereby causing 
a lapping action during seal operation. For soft 
materials and cast iron, loose abrasive-lapping methods 
resulted in short seal lives. 

Face seals under test operated from 45 hr to 1332 hr 
in a dry condition before failure. Test runs generally 
were continued up to a maximum of 250 hr and then the 
life of the seal was extrapolated on the basis of the wear 
rate. A silver-impregnated carbon material produced 
the best results operating dry against a nitrided surface, 

Because of these poor wear rates, it was decided to 
compromise and use minute quantities of oil to lubricate 
the seal. This improved seal life considerably. The 
trap in the seal adapter was considered adequate if kept 
drained. The quantity of oil added to the seal amounted 
to about 30 drops in 24 hr, added at regular intervals, 
Under these conditions, extrapolated seal lives varied 
from about 1000 hr to “indefinite” (no measurable 
wear at the end of the run). 

PUMP OPERATION 

After the manufacture of the pumps was completed, 
water-tests were run to determine the pump charac- 
teristics. The results of these tests are shown in Fig. 3. 
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Fig. 3. Water-test results. 


The sodium-potassium data compare favourably with 
the water data. Characteristic data at 1750 rpm were 
unobserved because of pressure-gauge limitations. 
Characteristic data on the sodium system were not 
readily obtainable when the sodium-potassium-system 
data were taken, because of frozen or oxide-plugged 
pressure gauges. 

In general, the pumps have operated well for the 
purpose for which they were designed. No liquid- 
metal corrosion has taken place on any of the parts Ip 
contact with liquid metal. However, when liquid metal 

(Concluded on page 377) 
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GREAT BRITAIN 


Electric Spark Erosion as applied to Metal Machining 


By D. W. RuDORFF.* 


SPARK cutting is intended to be used for the machining 
and grinding of those metals which, owing to their 
hardness or toughness, cannot be machined by cutting 
tools or are difficult or expensive to machine by con- 
ventional methods. The most important applications 
of spark cutting therefore lie in the field of cemented 
carbides and highly alloyed heat-resistant alloys. 
Another important application is the machining of steel 
parts in the hardened condition. Such parts can be 
spark-machined without loss of hardness in the ad- 
joining material, as the cutting action of the spark is 
instantaneous and the cooling effect of the fluid injected 
between electrode and workpiece is so strong that loss 
of hardness by heating is precluded. 


Basic PRINCIPLES 


Spark machining can be performed in various 
ways. These generally fall into three classes, according 
to whether (a) electrically non-conductive liquids 
(dielectrics), (b) electrically conductive liquids (elec- 
trolytes), or (c) gases or vapours, are employed to fill 
the spark-traversed space between electrode and work- 
piece. Of these three classes, mainly the first will be 
dealt with in this paper, except in cases where alternative 
working methods fall into more than one class. 

The action of the electric spark discharge in re- 
moving material is due to a thermal effect, since the 
temperatures existing in an electric spark reach ex- 
tremely high values, e.g., 12,000° C, far higher than 
those encountered in the electric arc, which, in contrast 
with the transient nature of a spark, is a stable pheno- 
menon. In fact, a spark is characterised by the mani- 
festation of the sudden electrical breakdown of a 
dielectric between two electrodes. This breakdown will 
occur only if the distance between the electrodes is 
adjusted in accordance with the specific breakdown 
strength of the dielectric and the potential difference 
prevailing. In the case of the ‘‘ Sparcatron ”’ method, 
operating voltages usually do not exceed 110 V, and 
with this voltage, in conjunction with a hydrocarbon 
liquid acting as dielectric and coolant, a distance of 
approximately 0-15 mm _ between the electrodes is 
required. 

In electric spark machining by the Sparcatron 
process, the electrode is always made of negative 
polarity and the workpiece of positive polarity. By 
making the electrode or cutter of negative polarity, 
electrons produced at the electrode are accelerated 
towards the workpiece, so that an avalanche of elec- 
trons is created, terminating in the formation of the 
electrically conductive spark channel or tunnel through 
the dielectric liquid between electrode and workpiece. 
If polarity were reversed, the electrons would flow in the 
Opposite direction and the major cutting effect produced 
by the spark would therefore occur on the electrode 
instead of on the workpiece. It is for this reason also 
that the circuit supplying the electrical energy to the 
spark gap must be made non-oscillatory, i.e., the 
parameters of the circuit must be so chosen that any 
Incipient oscillation is over-critically damped. This 
condition can be obtainec! by reducing the self-inductance 
of the discharge circuit to a minimum. In another 
method, the flow of current in the wrong direction is 
prevented by the use of rectifiers or asymmetric couples 
in the discharge circuit. In still another modification, 
use is made of unidirectionally conductive shunts, by 
means of which reversed current flow is made to by- 
pass the spark gap between workpiece and electrode. 


“Director, Sparcatron Limited, Gloucester, England. 
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(From a paper presented at the 5th International Mechanical Engineering Congress, Turin, 
October 9-15, 1953.) 


NATURE OF THE SPARK ACTION 


Considerable research into low-voltage sparks has 
been carried out in recent years by a number of well- 
known research workers, and a large volume of scientific 
literature exists on this subject. The importance of 
this research will be appreciated if it is realized that 
concepts of spark discharges, as derived from experiments 
conducted with spark gaps of the order of centimetres 
and potential differences of the order of kilovolts, cannot 
be applied indiscriminately to the low voltage and 
narrow width of spark gaps used in electric spark 
machining ; in fact, they may lead to highly erroneous 
conclusions. : 

A large part of this work has been carried out as 
pure research, but in addition to this a number of 
investigations has also been made into the phenomena 
responsible for the wear of contacts in communication 
engineering and the like, the aim being the development 
of more wear-resistant contact materials. In electric 
spark cutting, wear resistance of the electrodes is, of 
course, a factor of considerable importance. In the 
early stages of the development of electric spark cutting, 
a high wastage rate of the electrode material had to be 
accepted. Latest efforts towards developing more 
resistant electrodes have already produced remarkable 
results, which will probably be even bettered in the 
near future. 

As this paper is primarily concerned with the 
practical use of spark discharges for metal cutting, the 
theoretical treatment of low-voltage spark discharges 
is not considered here. As already mentioned, it is the 
electron emission from the electrode constituting the 
cathode which is considered to initiate the condition in 
the gap leading to the ultimate breakdown of the dielec- 
tric and the formation of the spark channel. The 
emission of electrons from the electrode is not in itself 
sufficient to constitute breakdown but, as the electrons 
produced at the electrode are accelerated toward the 
workpiece, electron multiplication in the liquid is 
bound to occur, so that an avalanche of electrons will 
move toward the workpiece with progressively increasing 
intensity.! There is a growing belief that the electron 
emission in air does not originate in the body of the 
electrode but in an oxide layer on its surface, and it will 
be readily appreciated that in the case of an electrode 
immersed in a dielectric liquid, phenomena in the 
boundary layer of the liquid on the electrode surface 
may well play an important role in electrical respects. 

There are several important features: which make 
machining by spark discharges superior to methods of 
metal cutting and disintegration by means of the electric 
arc. When using condenser discharges, the short 
duration of the individual discharges prevents the heat 
from spreading from the seat of the spark on the work- 
piece into its body. In fact, spark discharge takes 
place with such rapidity that the surrounding metal 
remains quite cool and its structure is unaffected, 
while an amount of material at’ the seat of the spark is 
instantly vaporised. By analysing the various thermal 
factors involved, Llewellyn Jones? has succeeded in 
establishing a formula which can be used to calculate 
the amount of metal vaporised by a single spark dis- 
charge. Naturally, the values obtained with this formula 
cannot be considered highly accurate; as a matter of 
fact, there are so many imponderables involved in the 
actual spark cutting process, as, for instance, the 
cooling effect of the liquid dielectric, the bulk of the 
workpiece, etc., that a formula of this kind can yield 
no more than comparative values. However, by taking 
into account the thermal conductivity of the material 
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of the workpiece and its specific heat and boiling point, 
the formula is useful insofar as it draws attention to 
the various factors involved and thus assists in forming 
a picture of the whole process as such. 

The metal vapour produced by the spark discharge 
condenses in the surrounding liquid dielectric, which 
may be paraffin or a specially prepared liquid agent. 
It is this condensation of the metal vapour which leads 
to the formation of mainly spherical particles of varying 
sizes. In the spark cutting process, the production of 
molten and re-solidified zones of metal at the point of 
cutting, typifying the cutting action of the electric arc, 
is therefore absent. 

The occasional vaporisation of lightning rods by 
lightning is a familiar phenomenon, and it is well to 
realize that spark cutting is in fact a lightning pheno- 
menon on a miniature scale. Even in spark cutting, the 
concentration of energy release within the spark channel 
attains very high values. In this connection, it is in- 
teresting to note that, according to Meek’, for a spark 
channel in air carrying a current of 500 A, the power 
input at a time ot one microsecond from breakdown 
amounts to about 1000kW/cm*. The same author 
gives figures for the current concentration in sparks 
and arcs respectively, and these explain why the tempera- 
ture of the spark channel is so much higher than that 
of the arc channel. According to Meek, in a spark 
channel in air, carrying a current of 250 A, the current 
density is 29,000 A/cm? at 0-5 micro-second after 
breakdown, and 37,600 A/cm? after 8 psec. The 
corresponding current density in a steady arc carrying 
the same current is of the order of 500 A/cm?. 

At first sight, it may appear strange that inflammable 
liquids, such as paraffin, may be used as dielectrics. 
Actually, no ignition of the dielectric by the electric 
spark can take place, as the liquid itself does not contain 
sufficient oxygen to support combustion, while access 
of atmospheric air is prevented by the immersion 
of the cutting point in liquid. The fact that the hydrogen 
released by the local disintegration and vaporisation of 
liquid in the sparking zone constitutes a highly ef- 
fective de-ionizing and cooling agent, explains why 
hydrocarbons, or liquids containing hydrocarbons, are 
particularly suitable for the spark cutting process. 

As explained above, the melting action of the electric 
arc makes it unsuitable for accurate machining opera- 
tions. Another adverse factor in this respect is the 
tendency of electric arcs to wander and to be blown 
about, particularly under the influence of magnetic 
fields. In the machining of metals such a tendency is, 
of course, most undesirable. On the other hand, a 
quenched spark discharge will cease at the point where 
material is removed from the workpiece, because the 
removal of material increases the width of the gap at 
the point concerned and the subsequent spark discharge 
must now take place at another point, thus systemati- 
cally covering the entire electrode and the corresponding 
workpiece area. It is this peculiarity of the spark which 
makes it possible to reproduce with high accuracy 
cavities and contours in dies by means of electrodes 
with appropriate curvatures or topography. 


PRACTICAL REQUIREMENTS 


A number of basic requirements must be met by 
spark-cutting equipment, irrespective of the use to 
which it is to be put. The generation of sparks must be 
repetitive and continuous, to ensure as high as possible 
a rate of metal removal. The length and shape and 
intensity of individual spark impulses and the length of 
the intervals between them must be so adjusted that 
the degeneration of the spark discharges into arc dis- 
charges is precluded. Futhermore, provision must be 
made to control the intensity of the sparking effect 
over a wide range. This is necessary because the sur- 
face quality obtained depends upon the cutting rate, 
and the higher the surface quality required, the slower 
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therefore must be the cutting rate. In addition, the 
point of spark application must be kept under perfect 
control, in order to obtain a high degree of acc uracy in 
the machining operation to be performed. In this 
connection, it must be considered that in the case of 
producing cavities, such as, for instance, a cylindrical 
hole, the diameter of the resulting hole will be that of 
the electrode plus the radial clearance constituting the 
spark gap. As accuracy of machining is thus related to 
that of the spark gap and is therefore bound up with 
the electrical characteristics of the system, it tollows 
that the spark gap should be kept as small as is com- 
patible with operational aspects, including that of 
cutting speed. In the Sparcatron system, operating 
voltages do not exceed 110 V, this voltage representing 
a compromise between the call for a high cutting speed 
and sufficiently high accuracy, even in roughing opera- 
tions. Another reason for limiting maximum voltage 
is of course the consideration of safety of operation. 

The operation of the electrical and mechanical 
parts of che spark cutting equipment must be simple 
and reliable, and the maintenance of the appropriate 
spark gap must be fully automatic. Also, as the work- 
piece is always of positive polarity, the spark generator 
must include a rectifier (usually of the static type) 
when the unit is to be operated on alternating current 
from the mains supply. 

Finally, spark machining requires the production 
of a train of spark discharges with an appropriate time 
interval between the individual discharges. For this 
purpose, a simple relaxation circuit including a con- 
denser can be conveniently employed, although there 
exist, of course, other ways in which the generation of 
spark discharges can be effected. 


SPARK GENERATING SYSTEMS 


In the relaxation circuit shown in Fig. 1, a condenser 
is charged from the network by means of a rectifier, 
and is connected by conductors to workpiece and 
electrode. Assuming the condenser to be in the dis- 
charged condition and the gap to be maintained by the 
electrode control at the width corresponding to electric 
breakdown at the voltage of the charged condenser, no 
spark will occur until the direct current supply has 
chargea the condenser to a point where the condenser 
voltage approximates the supply voltage. 

At this stage, breakdown of the dielectric liquid, 
with consequent sparking, takes place and the circuit 
conditions must be so adjusted that the discharge 
current is of the over-damped type, with a recurrence 
frequency dependent on the capacity and other electric 
parameters of the circuit. To achieve optimum con- 
ditions, the resistance and self-inductance of the con- 
ductors connecting the electrode and workpiece with 
the condenser terminals must be kept at a minimum. 
In order to forestall the possibility of accidental arcing, 
which would lead to local melting of the metal of the 
workpiece, the Sparcatron unit is furnished with 
appropriate safeguards. 

The electronic servo-system, controlling movement 
of the electrode holder, is designed to maintain a con- 
stant spark gap of predetermined width between 
electrode and workpiece. In view of the small gap 
width required, especially in the case of low working 
voltages, and of the high degree of accuracy with which 
it must be maintained, the electrode control system 
represents a high-precision mechanism, in which 
lost motion is practically eliminated. 

The rate of metal removal is proportional to the 
amount of energy released in the spark gap as the con- 
denser discharges. The energy stored by the condenser 
is directly proportional to the condenser capacitance 
and to the square of the condenser voltage ; the amount 
of energy released in the spark gap will therefore be 
proportional to the difference between the square ol 
the voltage at which the spark discharge commences and 
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the square of the voltage at which the discharge ceases. 
The latter voltage depends, of course, on gap conditions, 
especially on the quenching effect of the dielectric liquid, 
which will interrupt the spark when the condenser 
voltage has fallen to a sufficiently low value. Spark 
intensity, and with it the rate of metal removal, can 
theretore be controlled within certain limits by adjusting 
the operating voltage, the condenser capacity, or both. 


R 


ELECTRODE i ¢ 0.C. SUPPY 
+ 


Fig. 1. Basic relaxation circuit. 





WORKPIECE 


When using a relaxation circuit of the type indicated 
in Fig. 1, it is not possible to increase cutting action 
indefinitely by increasing condenser capacity. This 
limitation is due to the fact that, by increasing condenser 
capacitance, the charging time of this condenser is also 
increased, so that a smaller recurrence frequency of the 
spark discharge results. Where especially high rates of 
metal removal are required, other types of discharge 
circuit can be used, combining higher recurrence 
trequencies with higher power per pulse. These cir- 
cuits incorporate timing controls, which establish defi- 
nite controlled time intervals between the pulsed spark 
discharges and do not employ the simple relaxation 
principle on which the circuit shown in Fig. 1 is based. 
Circuits of the controlled-pulse type are naturally more 
complex and are somewhat more difficult to operate ; 
in addition, their first cost is considerably higher than 
that of the simple relaxation circuit. 

As the amount of energy stored in a condenser is a 
function of the square of the impressed voltage, the 
application of higher voltages would appear to offer 
the promise of greatly increased machining rates, were 
it not for the loss in machining accuracy entailed and 
the extensive precautions that would have to be taken 
to protect the operator against accidental shock. There 
are, however, indications that, by adapting a special 
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circuit of comparative simplicity, it will be possible to 
utilise a higher operating voltage at the condenser 
battery without affecting the accuracy of machining or 
the safety of operating personnel. 


SPARCATRON UNIT 


In the Sparcatron unit, shown in Fig. 2, the direct 
current required for condenser charging is supplied 
from three-phase selenium type rectifier equipment 
located in the supply and control unit. This equipment 
provides two alternative direct outputs of 100 A at 
25 V, and 10 A at 110 V respectively. Either output 
voltage is obtained by means of a voltage selector 
switch. A bank of condensers, separately switched, 
permits a wide range of capacities to be brought into 
the circuit. Provision is made to limit short-circuit 
current to a permissible value. 

A typical servo-circuit for the control of drilling or 
excising operations is shown in Fig. 3. In this arrange- 
ment, the electrode is held in a chuck and as, in the 
application shown, a hollow electrode is used, the 
dielectric liquid is fed through the chuck and down the 
centre of the electrode to the workpiece, which is 
submerged in the dielectric liquid. From the container 
the dielectric liquid is drained into a sump, where the 
liquid is filtered and is re-circulated to the electrode by 
means of a pump. 

The electrode control mechanism is energised as 
follows: A signal voltage, which is proportional to 
the amperage of the discharge current, is taken from 
across a resistor in the circuit, and this voltage is 
compared with a reference voltage of such magnitude 
that the resultant error in the system is zero when the 
electrode is correctly positioned. If, however, the 
electrode is incorrectly positioned on. account of elec- 
trode wastage or other reasons, a signal is produced, 
resulting in a positive or negative error indication, 
according to whether the electrode is too near or too 
far from the workpiece. This error is fed into an 
electronic amplifier, which energises the field of a 
split-field direct current motor, in a sense dependent 
on the polarity of the error signal, so that the motor 
will revolve in one or the other direction, as required. 
This motor, through a reduction gear, drives a pinion 
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Fig. 2. Sparcatron control cabinet. 
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Fig. 3. Servo-circuit of Sparcatron spark cutting machine. 
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which meshes with a rack attached to the electrode 
holder, causing it to move in such a direction as to 
reduce the error. In order to stabilise the action of the 
electrode position control, a stabilising feedback and 
a phase advance or a differentiating network are in- 
corporated in the amplifier. The same type of servo- 
circuit can be applied to the electrode control in any 
application of the Sparcatron system, whether it be 
cutting, grinding, turning, or excising. 





Fig. 4. Sparcatron spark cutting machine, with vertical 
servo-controlled electrode holder. 

The servo-operated excising machine is illustrated 
in Fig. 4. Typical examples of the kind of work that 
can be produced with the machine are shown in Figs. 
5a, 5b, and 5c. This machine can also be supplied with 
a table, which can move in three directions and rotate 
about its own axis or on any reasonable radius desired. 


SPARK CUTTING MACHINE TOOLS 

In contrast with orthodox methods of metal cutting, 
the spark cutting process possesses the most important 
advantage that no mechanical tool thrust is exerted 
by the cutting electrode upon the workpiece, from which 





376 





Fig. 5a, 5b, 5c. 





it is separated by the spark gap. This feature makes 
superfluous the need for heavy machine frames, heavy 
tool slides and holders, heavy cutter spindles. etc. 
Many types of spark cutting machines can therefore 
have a light welded steel frame structure, with a liberal 
use of parts made of plastics, and in consequence their 
mobility and even portability are considerable. These 
are, of course, factors which also greatly facilitate the 
production of special machines. In many cases the 
construction of spark cutting machines will comprise 
solely a light-weight mechanism designed to impart 
the required mechanical motions to a standard electrode 
head or to the workpiece, or to both. Furthermore, 
the standard electrode head and the standard electrical 
unit may be used for the conversion of existing machine 
tools to spark cutting operations, especially where spark 
cutting is required only to complement conventional 
machining methods in cases where the latter cannot be 
employed, as, for instance, the milling or turning of 
parts made from hard metals or of steel parts in a 
hardened condition. 

All conventional grinding operations can be carried 
out by spark grinding, including profile grinding, 
internal grinding, gear grinding, and centreless grinding. 
In spark grinding, the place of the abrasive grinding 
wheel is taken by a revolving electrode disc. This 
electrode does not, however, have the high rotational 
speed required for an abrasive grinding wheel, and the 
prevention of vibration is therefore much more easily 
accomplished than in the conventional grinding machine. 
Existing grinding machines can, of course, be easily 
converted to spark grinding. Surface quality in spark 
grinding can be adjusted over as wide a range as that 
available in abrasive grinding, i.e., from rough removal 
of stock to a high finish. In addition, rough surfaces 
can be produced, resembling the surfaces created in 
internal combustion engine cylinders by special treat- 
ment. With spark grinding, however, this effect can 
be produced in the parent metal itself, thus greatly 
simplifying the procedure. Types of finish which can 
be produced by Sparcatron grinding are exemplified 
in Fig. 6, where four finishes, ranging from rough 
cutting to fining, are shown side by side. It is important 
to realize that these widely different non-directional 
finishes were produced without changing the electrode 
wheel, but by simple adjustment of the sparking effect 
by varying the electrical conditions. 

Spark grinding can be used for the grinding of all 
types of cutting tools and in milling cutters of all 
kinds. Closest control of the grinding action in every 
respect is possible, and all operations may be executed 
automatically. A particular advantage of the spark 
grinding process is that, owing to the absence of 
frictional heat, no residual surface stresses are created, 
so that no micro-cracks will occur. Tool life is therefore 





Typical examples of hard metal dies produced 
on Sparcatron machine. 
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Fig. 6. Spark machined specimen, showing four different 
grinding finishes produced by Sparcatron grinding. 


considerably lengthened. A special off-hand or free- 
hand grinding machine for the lapping of tungsten- 
carbide lathe bits has also been developed. 

All conventional milling operations, including 
thread-milling, can be carried out by spark cutting. 
Spark milling will, of course, be resorted to only in the 
case of hard metals and hardened pieces which cannot 
be worked by ordinary milling technique. 

Machining by spark milling is carried out by means 
of an electrode of appropriate shape, corresponding to 
that of a helical cutter, profile cutter, etc., and taking 
its place on the machine. Existing milling machines 
can be easily converted to spark milling by fitting the 
requisite electrode heads and electrical equipment, etc. 
As no mechanical forces are exerted by the cutter 
electrode upon the workpiece, spark milling and spark 
die sinking can be carried out in the case of copying 
milling machines with a simple pantograph system for 
direct copying, instead of requiring indirect working 
through hydraulic, electro-hydraulic, or other systems. 
Multiple pantograph systems for the simultaneous 
production of several pieces from a single master shape 
may be employed, thus speeding up production con- 
siderably. The same considerations apply to such prob- 
lems as the milling of gas turbine and compressor blades. 

All conventional sawing and cutting-off operations can 
be carried out by spark sawing. Band saws resemble 
the conventional types, but employ toothless saw bands 
as electrodes. As is the case with spark milling, certain 
sawing operations can be carried out with electrolytic 
liquids instead of with dielectric liquids. Where intri- 
cate and small radius curves are to be cut, a wire may 
be used as an electrode in place of the endless band. 
In circular saws, which may also be used either with 
electrolyte or dielectric liquid, the toothless circular 
blade may be made considerably thinner than the 
conventional circular saw blade, owing to the absence 
of mechanical cutting action. The blades may be made 
of brass or sheet steel, with their flanks preferably in- 
sulated in order to concentrate the spark effect at the 
cutting edge proper. Peripheral speed is usually 30 
to 40 fps. 

_ All turning operations as performed by conven- 
tional lathes, including screw-cutting, can be carried 
out, and existing lathes can be adapted to spark turning. 
Special spark cutting lathes can be of light alloy, or of 
light welded steel construction, owing to the absence 
of mechanical cutting action. Where especially high 
cutting duties are required, multiple electrodes may be 
simultaneously employed. Turret lathe and capstan 
Operations can be carried out. Automatics can be built 
for ‘Special purposes. In fact, the slow cutting speeds 
achieved with spark cutting make automatic machine 
tool operation an economic necessity. In most cases, 
standard cutter electrode equipment and electric plant 
will be embodied, thus greatly facilitating the rapid 
construction of machine tools for special purposes. 

In addition to carrying out all conventional drilling 
and boring operations, holes of shapes other than cir- 
cular can be drilled, and internal recess boring and 
drilling of divergent, or of stepped up holes, can be 
effected. Curved holes of any cross-section can 
likewise be drilled. 
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Planing, shaping, and hobbing can be carried out by 
spark machining either by attaching standard spark 
cutting electrode holders to existing machines, or by 
using especially designed spark machining devices. 
Owing to the absence of mechanical tool thrust, these 
operations lend themselves particularly well to the 
simultaneous employment of several spark cutters. 


REFERENCES 


(1) T. J. Lewis: Electrical Breakdown in Organic Liquids, The 
Institution of Electrical Engineers. Symposium of papers on 
insulating material, March 16-18, 1953. 

(2) F. LLEWELLYN JONES: Electrode Erosion by Spark Discharges, 
wy Fournal of Applied Physics, Vol. 1, March, 1950, pp. 

(3) J..M. MEEK: The Nature of the Electric Spark, Bulletin, 
Liverpool Engineering Society, Vol. 23, No. 7, 1950. 





MECHANICAL PUMPS FOR HIGH- 
TEMPERATURE LIQUID METAL 


(Concluded from page 372) 


or vapour came into contact with the carbon-seal 
element, failure of the seal occurred shortly afterwards. 
Difficulty was experienced with one inlet-elbow casting 
where mould sand had penetrated the metal during 
casting. During subsequent liquid-metal operation, 
the sand reacted violently with the liquid metal to form a 
spongy layer of stainless steel on the surface of the 
casting. 

The shaft-cooler bushing functioned satisfactorily as 
a primary liquid seal but was found unnecessary as a 
heat dam, both because of the poor heat conductivity of 
the stainless-steel shaft and the effectiveness of the oil- 
cooling chamber. Shaft cooling by this method was 
found to be difficult because cooling the liquid metal 
from stream temperature to the desired shaft temperature 
caused deposition of dissolved oxides in such a manner as 
to plug the heat-exchanger and shaft-cooler lines. 
However, cooling can be effected by this means and 
may be useful, without large temperature differentials, 
for operation at higher temperatures. 

Metal-to-metal contact was encountered in the 
shaft-cooler bushing, causing considerable scoring but 
was not serious enough to cause operational difficulties. 
Impeller thrust, dynamic vibrations, and thermal dis- 
tortions were the causes of these metal contacts. No 
galling or shaft-balance difficulties resulted. 

Additional heat was found necessary in the cavity 
below the seal adapter in the sodium pump because a 
frozen cake built up there and plugged the drain holes. 
A coiled heating element was added. 

On several occasions it has been necessary to replace 
seals. Seal failures have been due to one or a combina- 
tion of the following reasons : 

(1) Liquid-metal corrosion of the carbon. 

(2) Secondary silicone-rubber packing failures (as a 
result of oil contamination). 

(3) Foreign materials (dirt, grit, etc.). 

(4) High temperature, causing : 

(a) Differential expansion between the carbon and 
seal ring. 

(b) Oxidation and decomposition of the oil in the 
seal (automotive motor oils operated most 
satisfactorily). 

(c) Leaks caused by warping of the accurately 
machined surfaces. 

The experience gained in operating the pumps has 
presented the difficulties cited and has enabled the seal 
life to be increased by adequate protection of the seal. 
The seal-maintenance problem has not been as difficult 
as was originally anticipated. An average seal life of 
more than 2000 hr has been attained and is expected to 
improve considerably. Many thousands of hours of 
successful operation have been experienced over a 
period of 23 years. 
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Automatic Extraction Steam Turbines in Czechoslovakia 


By DLouny and SLADEK. 


(From Strojirenstvi, Vol. 2, No. 10, 1952, pp. 445-454, 20 illustrations.) 


In our September issue, we described the design of large Czech steam turbines, manufactured by the 

Lenin works, Pilsen, and the CKD-Stalingrad works, Prague. In this issue, details are given of pass-out 

and back-pressure turbines from the Lenin works, with special emphasis on their governing systems. In 
our next issue, similar turbines from another Czech manufacturer will be described. 


AN interesting example of a modern pass-out turbine 
and of the problems associated with its governing is 
afforded by one such turbine recently installed in a 
power station, delivering steam for district heating. 
This two-cylinder turbine, rated at 25,000 kW, with 
low-pressure pass-out, receives steam from a super- 
imposed turbine of 31,000 kW, operating at inlet 
conditions of 1576 psia at 941° F. The back-pressure 
of the superimposed turbine, 114-227 psia, controls 
the inlet pressure of the pass-out turbine, as shown in 
Fig. 1. 

The pressure can be controlled by setting the 
** Askania”’ pressure governor, which actuates the 
admission valves of the low-pressure turbine via a 
rotary servomotor. To enable the inlet pressure to be 
set by remote control, the electric ‘‘ selsyn ’’ system, as 
used in aeronautics, has been employed for the control 
of the ‘‘ Askania ”’ governor. 

The valves are of the two-seat type ; three of these 
are for nozzle control, and two are overload bypass 
valves. The control of low-pressure extraction for 
district heating is not interconnected with the admission 
valves and, according to the heating load, the extraction 
pressure is controlled by two flaps in the lead-over pipe 
to the rear part of the low-pressure cylinder. The flaps 
are turned by rotary oleo-servomotors operated by pilot 
valves. 

When calculating a governing system, it is necessary 
to determine the flow areas through the valves and 
nozzle segments .and the required transmission ratios 
for the governing mechanisms. 

According to simplified basic conceptions, the mass 
flow through the admission valves is linearly dependent 
on the output, and so also is the stroke of such items as 
the speed governor, the pressure regulator, and the 
main servomotor. For nozzle control, with gradual 
opening of the nozzle groups, it is not possible to obtain 
this linear relationship, although it is possible to ap- 
proach it by a suitable choice of the flow areas during 
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Fig. 2. Mass flow plotted against pressure ratio. 
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Fig. 4 Fig. 5 
Fig.4. Diagram of servomotor travel due to cam movement. 
Fig. 5. Flow curve for cam operation. 


the valve stroke (throttle curve) or by changing the 
rate of stroke by means of a suitably shaped cam. 
The flow through a valve represented by a simple 
opening depends on the ratio of pressures ahead of 
and behind the valve, according to Bendemann’s 
ellipse. With modern diffuser valves, a higher mass 
flow is obtained at a given pressure ratio, due to diffuser 
effect, as shown by the dotted curve in Fig. 2. This is 
best determined by experiment. It follows from the 
relationship represented by the Bendemann ellipse 
that, for a pressure ratio p2/p, approaching unity, it is 
necessary to increase the valve cross-sectional area 
considerably in order to obtain linear mass flow. As, 
even with full stroke, the required flow area is not large 
enough, linearity is not maintained towards the end of 
the stroke, and a flow curve similar to that shown in 
Fig. 3 is obtained. Because of the rapid change of slope 
of the tangent in the region (1) to (2), another valve 
should not begin to open in this region, as otherwise, 
by the sudden change of slope, the steam quantity 
flowing through the newly opened nozzle group would 
change the output suddenly (curve C). The timing of 
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opening should coincide with a point beyond point (2), 
whereby a step-like curve of mass flow is obtained. 

The most perfect flow curve is obtained by means of 
cams, when the rapid increase of flow areas is controlled 
by an increasing rate of valve lift. In this case, the change 
of stroke of the servomotor with cam lift results in a 
curve such as that shown in Fig. 4. The mass flow at 
full valve stroke corresponds to the dotted curve in 
Fig. 3, and another valve can start opening before 
point (2). The mass flow is nearly linear, as shown in 
Fig. 5. 

The part of the curve in Fig. 4 following after 
point V, the point of full valve stroke, has been chosen 
so that the valve considered should not be at rest when 
additional valves are opening, as a moderate, even if 
reversing, movement of the valve prevents the seizure 
of its spindle in the packing. For the purpose of 
further determining the transmission, the mean slope 
B of the mass flow curve, Fig. 5, replaces the actual 
values. This differs only slightly from the ideal slope A- 

Now, consider the previously discussed characteris- 
tics in connection with the extraction governing of a 
condensing turbine, such as that illustrated in Fig. 6 :— 
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| Fig. 6. 








| Condensing extraction 
| i turbine. 
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(1) For a change of output of the turbine, with con- 
stant extraction quantity, any change in the mass flow 
through the admission valve necessitates a corresponding 
change in the flow through the extraction control valve. 
This means that these two valves must open or close 
simultaneously. —The movement of the valves is derived 
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? Fig. 7. Variation of 
extraction quantity. 





from the main servomotor, which is controlled by the 
speed governor; the pressure servomotor remains at 
rest, and represents a fixed fulcrum. 

(2) For a change of extraction quantity, with constant 
output, it is necessary that any increase in output 4N 
(see Fig. 7), due to increased mass flow 4M, in the 




















Fig. 8. Schematic diagram 
of a back-pressure extraction 
governing system. 
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high-pressure part, is met by a decrease 4M, of the 
mass flow in the low-pressure part, corresponding to 
AN. Consequently, when the admission valves open, 
the extraction control valves must close. 

The movement of the valves is derived from the 
pressure servomotor, while the main servomotor re- 
mains at rest. The stroke of point A (Fig. 6) follows 
from the mass flow valve stroke diagram for the flow M, 
through the admission valves, and that of point C for 
the flow M, through the extraction control valve. For 
a given length AB of the control rod, and with known 
positions B and D of the servomotors, point C can be 
determined, bearing in mind the two requirements for 
the control of the extraction control valve, as outlined 
above. 

When operating the turbine without extraction, the 
extraction control valve must be kept fully open, 
irrespective of the action of the governing system. 
This is done by manually shortening the control 
rod concerned, for which purpose a turnbuckle is 
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used (M in Fig. 6); this shortens the control rod, 
which in turn acts on a suitably shaped cam, causing 
the valve to open. 

To satisfy operational requirements, the governing 
system must allow for the heating up of the turbine at 
starting, i.e., it must be possible to keep all valves fully 
open by manual adjustment of the speed changing 
device. 

Governing systems of this kind have been fitted to 
a number of turbines built by the Lenin works, and the 
aim throughout has been to standardise these items, 
to satisfy both Soviet and Czech standard specifications. 

With back-pressure extraction turbines, the output 
depends not only on the quantity of steam consumed 
at the back-pressure end, but also on the quantity ex- 
tracted. For the governing system the conditions are 
therefore as follows :— 


(a) For a change of back-pressure steam quantity, 
with constant automatic extraction, the back-pressure 
regulator sets both the admission valve and the ex- 
traction control valve, so that, with a flow increase 
through the admission valve, there is a corresponding 
increase through the extraction control valve. 

(b) For a change of the extraction quantity, with 
constant back-pressure quantity, the extraction pres- 
sure regulator controls the admission valves only, and 
the extraction control valves remain at rest. 


The governing system satisfying these conditions 
is shown in Fig. 8. The centrifugal governor interposed 
in the system enables the turbine to be brought into 
phase with the grid, or, in the event of breakdown of 
the back-pressure governor, it takes over control. An 
additional function of the centrifugal governor is to 
protect the turbine against overspeeding in the case of 
sudden unloading, when both admission and extraction 
valves must close. The turnbuckle M allows the 
operation of the turbine to be changed to non-extraction, 
on the same principle as that shown in Fig. 6. 

A different type of back-pressure extraction regu- 
lation is shown in Fig. 9, in which the setting of the 
extraction control valves is obtained by an oil relay. 
Here, the governor is horizontal and obviates the in- 
fluences of any forces on the lever system. The cams of 
the admission valves are actuated by a hydraulic rotary 
servomotor. However, when using steam at high tem- 
peratures, the hydraulic valve-drives, situated directly 
on the valve chests, represent a fire hazard. Consequent- 
ly, with highly superheated steam, the Lenin works 
use mechanical valve control. One such turbine has 
all the levers, the governor, and the servomotors situated 
inside the front bearing pedestal, giving a clean exterior 
and dispensing with otherwise necessary fire-fighting 
equipment. 

A large 28-MW two-cylinder pass-out turbine of 
most recent design, having one automatic extraction 
point for district heating and four non-regulated ex- 

traction points, imcorporates a 
A governing system, shown schemati- 
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Fig. 10. Schematic layout of governing system for a single automatic pass-out turbine. 
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cally in Fig. 10. As in the basic 
scheme (Fig. 6) the distribution 
lever AB is incorporated, but in 
this case the movement of the 
admission valves and_ extraction 
control valves is not derived from 
points A or C respectively. The 
admission valves, which are lifted 
by means of powerful levers and 
cams, are actuated by a valve 
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ment of which is transmitted to 

ind point A. Because the turbine is of 

the two-cylinder type, mechanical 
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Some New Aspects of Centrifugal Pump Design 
By F. KrisaAM. (From Z.VDI, Vol. 95, No. 11/12, April 15, 1953, pp. 320-326, 21 illustrations.) 


In view of the great economic importance attached to centrifugal pumps, it is understandable that pump 

designers are constantly attempting to make improvements in design and manufacture. In this connection, 

the questions of efficiency and cavitation are of primary interest, and some aspects of these factors are 
discussed in the following article. 


EFFICIENCY 


Similarity relations: Knowledge of the efficiency of a 
centrifugal pump is not enough for an assessment of its 
hydraulic performance, which also depends on pump size, 
speed of rotation, capacity, total head, etc. After exten- 
sive tests on pumps of different sizes, Riitschi! came to 
the conclusion that the similarity relations hitherto used 
for centrifugal pumps are not generally valid. For 
instance, efficiency is improved much more considerably 
when the impeller diameter is increased from 400 to 
800 mm than when it is increased from 100 to 200 mm, 
although in both cases the size ratio is 2:1. On the 
basis of his tést results, Riitschi introduced a “ per- 
formance factor ”’ 


f= 1/01 + 15/16 D,)] ae iQ) 


where D, = impeller inlet diameter [mm]. Two pumps 
with performance factors f; and f, have internal effi- 
ciencies »;,; and 7,2, which are determined by the 
relation 


a/ Nie = Si/fe + -» (2) 


The corresponding overall efficiencies are then obtained 
from 7 = 7,, 7; for each case, 7» = (P — P,,,)/P being 
the mechanical efficiency and P,,, the mechanical power 
loss, while P = total power consumption. 

In tests carried out by the author on similarly 
designed pumps of seven different sizes, it was found, 
however, that Rutschi’s performance factors are on the 
low side, comparative results being as follows :— 





D,; [mm] 45 52 67 84 107 132 


ni (Riitschi) .. | 58 60 63 66 68 69-6 per cent 
»; (author’s tests) 57 60 65 69 73:5 76 per cent 








The modified Riitschi formula in the VDI rules for 
centrifugal pumps? also gives values which are too low, 
e.g., 72°4 per cent instead of 76, for D, = 132 mm. 
These tests, however, were made with multi-stage 
high-pressure pumps (specific speed N, = 68) 
and it is possible that roughness effects are more pro- 
nounced with these pumps, owing to their complicated 
diffuser castings and narrow, slender impellers, than 
with the single-stage volute-type pumps tested by 
Riitschi. 

Specific speed: Taking into account the operating 
conditions (capacity Q [m*/sec], pumping head H [m], 
and speed of rotation N [rpm]), it is convenient to 
introduce N,, the “ specific speed,” this being defined 
as 


N, = 365 N Q!/Hi a & 


The specific speed determines to a considerable extent 
the shape of the impeller, the velocity triangles and 
also, therefore, the hydraulic losses. For small N,- 
values it is found that disc friction loss and losses in the 
adjoining passages of the volute or diffuser predominate, 
Whereas for high N,-values the losses are mainly due 
to surface roughness. This leads to the known fact that 
efficiency is related to specific speed’**. Thus, improved 
efficiencies can be reached by using high specific speeds 
and fairly large pump sizes. 

By raising the speed of rotation and providing 
several impellers for the total head, it is easy to reach 
high specific speeds, but this leads to an appreciable 
reduction in pump size, with the result that the im- 
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provement in efficiency is not as great as might be 
expected.? However, high efficiencies can also be 
reached with small pump dimensions, provided that 
particular attention is given to the design of the impeller 
and diffuser, in order to obtain castings with a high- 
quality surface. A subsequent elimination of surface 
roughnesses in the fluid passages is hardly possible, 
owing to the small dimensions. 
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Fig. 1. Characteristics of small multi-stage pumps. 
Outer diameter of casing 130 mm. Efficiency curves are denoted 
by solid lines, head coefficient curves by dotted lines. 

a, 6,c and d: Curves for four different impeller shapes. 
Overall efficiency » [per cent] 

Capacity Q [m3/hr] 
Head coefficient 

Fig. 1 shows the performance curves of small 
multi-stage radial pumps with casing diameters of 
130 mm. The efficiencies obtained are satisfactory in 
view of the small pump size. It is worth noting that 
curve “a” for the narrowest of the four impellers 
investigated gives the lowest efficiency, despite the 
similar blading. This may be due to the effects of 
surface roughness, particularly in connection with the 
head coefficient 4 (where 4 = H/(u."/2g), uz being the 
peripheral velocity of the blades at the impeller exit, 
and g the acceleration due to gravity). The different 
shape of curve “ d” is the result of an unusually high 
specific speed (N, = 175) for a small radial impeller 
and radial diffuser design, and this speed nearly 
reaches the range of values for mixed-flow impellers. 
Values of » and » obtained for a mixed-flow pump of 
136 mm casing diameter and a specific speed of N, 

260 are as follows :— 








Q m*/hr 0 10 20 30 40 50 
n % 0 30 53 66 71 60 
7 0-91 0-93 0:88 0:77 0-61 0:38 





Pumps of this type are required to combine high 
capacity with minimum size, i.e., the specific speed 


‘ must be as high as possible. The tabulated values show 


that the mixed-flow pump under consideration has a 
high efficiency. Any further increase in specific speed 
of this pump would produce a drop in efficiency, owing 
to increased frictional losses: 

Various factors: Where it is required to increase 
the capacity Q, the designer has ample possibilities in 
modification of the impeller and diffuser shapes. In 
contrast, fairly narrow limits are set with regard to the 
possibility of increasing the pumping head (or the head 
coefficient 4) per stage. Although some improvement 
can be attained by using steep exit angles for the im- 
peller vanes and by increasing their number, there is a 
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danger of instability, particularly with impellers opera- 
ting at low specific speeds. The value of the head 
coefficient 4 can be varied mainly by modifications in 
the diffuser design. As a rule, diffuser pumps reach 
higher ,-values than volute pumps. It is therefore 
preferable to use diffuser pumps where characteristics 
with different slopes are required for different operating 
conditions. The slope is defined as the ratio %o/ opt of 
the relative heads at zero capacity and optimum capacity 
respectively (Q = Qopt at the point of maximum 
efficiency ymax). By suitable changes in impeller and 
diffuser design, the slope of the characteristic can be 
varied within wide limits without affecting the efficiency. 
For instance, at specific speeds N, of 70 to 100, it 
is possible to obtain characteristics with yo/ opt 
varying from 1°10 to 1°50. Fig. 2 shows two charac- 
teristics for a multi-stage diffuser pump. The different 
slopes are obtained by using different numbers of 
vanes and different angles in both the impeller and 
the diffuser, without changes in dimensions. In this 
instance, the steep characteristic has the lower 
efficiency, but this is not a general rule. Owing to the 
smaller head coefficient for the steeper characteristic, 
the corresponding pump operates at a higher specific 
speed, so that its absolute velocity at the exit is smaller 
than for the other pump in this comparison. Thus, 
larger diffuser passage cross-sections are required. 
However, as both pumps have the same outer diameters, 
the space available was rather inadequate, as can be 
seen from the low value of Qopt at the point of maximum 
efficiency. If the impeller diameter were correspondingly 
reduced, this would allow more space for a larger 
diffuser and the efficiency loss could thus be avoided, 
without varying the slope of the characteristic. 
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Fig. 2. Performance characteristics with different slopes 
for a multi-stage pump with the same outer diameters 
for impeller and diffuser. 

The changes were obtained by using different numbers of vanes 
and different angles. 

Overall efficiency » 

Capacity Q 
Head coefficient 


Head coefficients considerably higher than ¢ — 11, 
combined with very low specific speeds, are obtainable 
with special designs. The flow conditions in these 
pumps are, however, quite different from those in true 
centrifugal pumps and their efficiencies are low (25 to 
35 per cent), so that their use is limited to low power 
ratings. For high head coefficients and low flow rates, 
it is better, therefore, to use multi-stage pumps. With 
these, the individual impellers can be run at sufficiently 
high specific speeds to obtain satisfactory efficiencies, 
but they result in a correspondingly more costly 
construction. 

The use of high speeds of rotation, however, to 
obtain high specific speeds, is frequently prevented by 
considerations concerning the permissible suction head 
and customers’ reluctance towards high running speeds. 
For certain requirements, therefore, the double- 
impeller pump arrangement shown in Fig. 3a should 
be of interest. The design comprises a primary impeller 
on an overhung shaft, with a secondary impeller stage 
carried on a sleeve designed as an extension of the 
primary stage. Compared with the conventional two- 
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(a) (b) 


Fig. 3. Comparison of a new compact design for a two- 
stage centrifugal pump (a) with a conventional design (5), 
1 and 2: primary and secondary impellers. 


stage design in Fig. 3b, this pump has the advantage 
of a more compact construction without the external 
duct between stages, this being less favourable as 
regards flow conditions and manufacturing considera- 
tions. The performance characteristics of this double- 
impeller pump at a shaft speed of 1450 rpm, correspon- 
ding to a specific speed of 35 for the pump aggregate, 
are as follows :— 








Capacity Q 0 20 40 60 80 100 m%/hr 
Head H 71 72 72 68 59 44 m 
Efficiency 7 0 30 51 62 65 55 per cent 





This pump thus attains an efficiency of 65 per cent 
with an N, of 35, as compared with an efficiency 
of 53 per cent for a normal single-stage pump with the 
same specific speed. Also, the latter would have an 
impeller of 1:4 times larger diameter and its weight 
would be correspondingly greater. If a multi-stage 
pump of the usual type were designed for the same 
capacity, shaft speed, and total head, it would require 
four stages. These would give it an efficiency of 75 
per cent, obtained only, however, with considerable 
increase in weight, design complications, and manu- 
facturing costs. 

The conversion of the discharge velocity of the 
impeller to pressure requires particular design con- 
sideration. In general, better conditions are obtained 
with diffuser pumps than with simple volute pumps, 
probably because the former give a more uniform flow 
in the impeller passages during each revolution. How- 
ever, pumps with a simple volute casing will always be 
widely employed because of their low cost. Extensive 
tests carried out by the author showed that volutes of 
non-symmetrical cross-section offer no particular ad- 
vantages and give reduced efficiencies in comparison 
with symmetrical volutes with the same cross-sectional 
areas over the periphery (see Fig. 4). In addition, 
pumps with tangential and radial discharge were 
tested, but there was no clear evidence of superior 
efficiency with either arrangement. 
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Fig. 4. Influence of different volute cross-sections on the 
characteristic of a centrifugal pump. 


Test speed: N 1450 rpm. 
Specific speed: Ns; = 165. 
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(6) Q= Qopt 





Fig. 5. Streamline patterns in the region of the tongue of a volute casing, determined from velocity measurements. 


In order to investigate mere closely the flow con- 
ditions, tests were carried out on a model pump 
operating with air as the fluid medium. These tests 
were made at the Institute for Fluid-Flow Machines of 
Karlsruhe Technological University, under the super- 
vision of Prof. H. Dickmann.* The pressure and 
velocity distributions at various volute cross-sections 
were determined for different load conditions. The 
investigation confirmed the secondary flow previously 
described by Stepanoff‘and Broer®. A further important 
result is that no indications were found of flow condi- 
tions conforming to the law of constant moment of 
momentum (constant product of radius and tangential 
velocity). This agrees with previous observations, in- 
dicating that equally satisfactory efficiencies can 
be obtained either by accurate calculation of the 
volute cross-sections based on moment of momentum 
(Pfleiderer®) or simply by assuming a linear increase in 
cross-section around the periphery (Stepanoff*). In a 
detailed study of the flow patterns and velocity con- 
ditions in the neighbourhocd of the discharge duct, it 
was found that: (1) If Q (the output) is greater than 
the optimum value Qopt, there is a definite outward flow 
around the tongue before reaching the tangential dis- 
charge duct. (2) When Q = Qopt, the flow pattern is 
fairly satisfactory. (3) When Q = 0, a strong reversal 
of flow occurs from the last volute cross-sections back 
into the impeller. These patterns, shown in Fig. 5, 
agree with the observations made by Stepanoff,’ in- 
dicating that, for each specific speed, there is an optimum 
distance for the tongue from the impeller. This distance 
increases with higher specific speeds. 


CAVITATION LIMIT 


Causes of cavitation: The behaviour of centrifugal 
pumps at the cavitation limit has been the subject of 
Many investigations. At the leading edge of a vane in 
a closed stream, there is a pressure drop relative to the 
pressure at the inlet section of the pump. At high flow 
velocities, or when the flow takes place at a fairly low 
pressure level, the pressure at certain positions may 
reach the saturation pressure of the fluid, which then 
Vaporises at these positions. This reduces the pump 
Output and causes vibration and noise. Cavitation may 
also cause extensive mechanical destruction of material 
as a result of the collapse of the vapour pockets when 
reaching regions of higher pressure. 

According to Krisam,’ the pressure drop 4h at the 
vane tip can be determined by the relation 
; 4h ~ (Ac?/2g) + »(w,2/2g) ae (4) 
The notation is shown in Fig. 6, with 4c? = c,2 — c,? 
representing the difference between the squares of the 
absolute volocities of the impeller inlet and the suction 
“toss-section, while w, is the inlet velocity. The term 
\(w,*/2g) takes into account the local pressure drop at 
the vane tip, caused by excessive velocity. The coeffi- 


* . . . . . 
All other tests described in this article were made in the 


1 oe . 
rome, of the Klein, Schanzlin & Becker Company, of 
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cient A depends on the thickness, shape, and loading of 
the vanes, as well as on other influences not fully 
defined, the effects of which, however, are known. The 
pressure drop 4h is greatest at the impeller inlet 
diameter D, and, as can be seen from eq. (4), it is pro- 
portional to the speed of rotation N and the capacity Q. 





Fig. 6. Impeller and velocity triangle at the leading edge. 
Do Suction diameter, D, = hub diameter, and D, 
impeller inlet diameter. 
1 and 2: leading edge and trailing edge. 


Co absolute suction velocity. 

w relative velocity of fluid in impeller. 

u peripheral velocity of impeller vane. 

Cm meridian velocity component of fluid. 

c absolute velocity in the impeller. 

B angle of incidence of the fluid, subscript 1 for the 


impeller inlet. 


Thus, cavitation will not occur if the positive 
suction head is greater than the value 4h representing 
the saturation pressure of the fluid pumped. Therefore, 
4h can be regarded as the “‘ minimum positive suction 
head ” required to avoid saturation pressure conditions. 
A further criterion is the Thoma cavitation parameter: 


o = Sh/H a “tC (5) 


which is the minimum positive suction head required 
for a total pump head of 1 metre. 
Factors affecting the minimum positive suction head: 
It is necessary to design the pump in such a way that 
the minimum positive suction head 4h will be as low 
as possible. As a rule, the capacity Q is a fixed specified 
value. Although Q can be halved by using a sym- 
metrically designed double-inlet impeller, this repre- 
sents an increase in cost. Also, a reduction of pump 
speed for a given capacity and head leads to a large and 
heavy design, requiring an expensive driving unit. Thus, 
two very effective means of reducing capacity and 
speed are normally associated with prohibitive costs 
and can by employed only where all other means fail. 
A step in the right direction is made if eq. (4) is 
expressed in the form 4h = f(D,, Q, N) and the 
differential coefficient d(4h)/dD, is equated to zero. 
This gives 
D?opt = D,? + W1160 x (Q/N)? x [1 + A)/A]_ ©) 
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where D, opt = Optimum impeller inlet diameter [m], 
D,, = hub diameter [m], Q = capacity [m*/sec], and 
N = speed of rotation [rpm]. It is difficult, however, 
to determine D, opt accurately, owing to insufficient 
knowledge of the true velocities at the impeller inlet 
and uncertainty regarding the value of the coefficient 4. 
The value A = 0°3, frequently mentioned in literature, 
gives unsuitable results. No improvement is gained by 
writing eq. (4) in the form 4h = f, (8, Q, N), to obtain 
the optimum inlet angle 8; opt from 


tan B; opt = 1/A/[2(1 + d)).. ae 


this being an expression proposed by Pfleiderer. For 
instance, with A = 0°3, this gives B; opt = 19°, and for 
A = 0°1 (a value frequently found in tests) 8; opt = 13°. 
Test results show, however, that generally large ; opt 
values are associated with small values of A. This is in 
contradiction with Pfleiderer’s statement that small 
angles are necessary to avoid cavitation. Pfleiderer 
also makes use of a “‘ suction parameter ” 


S = (N/100)? x (Q/k 4h”) « @ 


where k = 1—(D,/D,)? is the contraction factor. 
Using A = 0°33 and 8, opt = 19°, this equation gives 

- 261 for flow conditions with zero moment of 
momentum in the inlet passages, and S = 3°26 for an 
optimum constant value of moment of momentum. 
These theoretical values are far too low, since many 
tests have given considerably greater values, up to 
5 = 22. 


These appreciable differences occur not only be- 
cause of uncertainty in the values of A, but primarily 
because the assumptions made in regard to the velocity 
triangle at the inlet are not representative of the true 
flow conditions. Riitschi' already pointed out that 
test results do not confirm previous assumptions re- 
garding shock-free conditions at the inlet. It can be 
concluded that, in order to obtain high efficiencies and 
to reduce the possibility of cavitation, it is: sometimes 
necessary to increase the inlet angle considerably. 

Nevertheless, the suction parameter is a useful 
criterion for design purposes, since it gives a relation 
between Q, N, and the minimum inlet head 4h, in- 
dependent of the specific speed N,. The Thoma cavi- 
tation parameter is also a quality criterion of this kind, 
and, according to Pfleiderer,® instead of using eq. (5), 
it can be determined from: 


o=CN,'%/n,” .. «2 (9) 


where C and y are numerical constants, », being the 
hydraulic efficiency of the pump. hus, o gives a 
relation between 4h/H (eq. 5) and Q, N and H (eq. 9). 
Riitschi! found from his test results that the influence of 
the hydraulic efficiency 7, on o, and hence on 4h, is 
much greater than that of N,. He derives the relation 


Ah = 75 x 10* x (N* Q)” a <a (0) 


which is a form similar to eq. (8), relating 4h to N 
and Q. 


LATEST TEST RESULTS 


The following results give additional information 
concerning the various questions raised in the previous 
sections of this article :— 

Tests on single-stage pumps: A fairly large single- 
stage cold-water pump was tested. The impeller vanes 
had been very carefully designed, particularly around 
the leading edge; for a specific speed N, of 95 rpm, 
eqs. (1) and (4) gave a calculated cavitation parameter 
o = 01, while the tests gave o = 0°0226. This ex- 
tremely low value was obtained with an axial inlet duct 
and an overhung impeller with a very large inlet angle 
B,. A similar pump of much smaller size reached a 
maximum efficiency of 84°5 per cent at 1700 rpm pump 
speed, with Qopt = 620 m*/hr, H = 805 m, 4h 
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= 314 m, N, = 96, o = 0:039, S 10-4, and 
A = 0:059. In spite of its smaller size and high shaft 
speed, this pump thus gives very satisfactory results 
as regards o and S values. The unobstructed axial inlet 
is undoubtedly better than the curved inlet duct in 
producing favourable inlet conditions avoiding cayj- 
tation. 

Tests on multi-stage pumps: Design considerations 
frequently make it necessary to have multi-stage pumps 
with curved inlet passages and a shaft passing through 
the eye of the impeller. A typical pump of this kind 
was tested, first with a curved inlet section and then 
with a modified, axial inlet passage. The latter design 
also included a water-lubricated bearing, guiding the 
impeller through the inlet section. Both pumps reached 
practically the same efficiencies of 65-67 per cent at 
capacities of 70-72'5 m*/hr, with differences of 1-2 per 
cent in their efficiency and head/capacity characteris- 
tics. However, there was a marked difference in the 
Ah-curves for the two cases. The minimum inlet head 
varied from 1:0 to 1°35 m for the modified design with 
axial passage, over the capacity range from 60 to 
110 m*/hr, whereas the corresponding variation for 
the original pump was from 1:0 to 3°3 m over the same 
range. The optimum head was H = 5'5 m in both 
cases, with N = 1450 rpm and N, = 79-80. 

Additional tests were made on a high-speed pump 
used for very high pressures, and also having curved 
inlet passages and a shaft passing through the impeller. 
Owing to the large amount of power transmitted, the 
shaft portions were fairly heavy, resulting in con- 
siderably reduced inlet cross-sections. A modified 
version was also tested, with a primary impeller pro- 
vided with specially designed vanes for low values of 
the minimum positive suction head. Both pumps 
were found to have similar efficiency and head capacity 
characteristics. However, the 4h-curve increased from 
14-6 at 90 m*/hr capacity to 245 m at 200 m*/hr for 
the original version, as compared with a corresponding 
increase from 10°3 m to 16 m for the modified design. 
For both pumps, N = 6080 rpm, N, 90, 
nmax = 67 per cent, QOcpt = 160 m*/hr, and Hoy: 
850 m. Comparative figures for the original pump and 
the modified design (in brackets), at maximum efficiency, 
are: 4hkh= 185m (13m), o = 0:095 (0:065), and 
S = 31 (55). In spite of the hydraulically unfavourable 
conditions, these figures show that improvements can 
still be made by suitable redesigning of the impeller 
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Fig. 7. Cavitation tests of a centrifugal pumy with various 
impeller outlet diameters Do. ; 
Operating speed = 2000 rpm. At point A, the specific spec 
Ns = 91 ¢ = 0-052, S= 6-0. At point B, Ny = 65 9 — 0°05 
and S = 3-3. 7» = overall efficiency. 

Total head H [m] 

Capacity Q [m%/hr] | 

Minimum positive suction head Jh [m] 

Suction parameter S. 
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inlet passages. The tests also indicate that for centri- 
fugal pumps, the 4h-values rise considerably when 
reaching overload conditions. 

Effect of total head: ‘Tests were carried out to 
obtain basic data on the influence of the total head. 
The results are shown in Fig. 7. The pump used was 
tested at the same speed and with the same impeller 
in all cases, but its outer diameter D, was gradually 
reduced from 329 mm to 225m. This had practically 
no effect on the efficiency, although the head/capacity 
curves are different for each diameter. The tests gave 
the same 4h-curve, representing the variation of the 
minimum inlet head, for all cases, so that it appears 
that the curve is independent of the total head. This 
tends to confirm observations by Pfleiderer’ and 
Riitschi', who also found that the shape of the inlet 
passage is the main factor affecting 4h, for given values 
of N and Q. However, further tests on other impellers 
will be needed to obtain sufficient confirmation. The 
lines Q = constant are also lines of constant S-values 
(S = suction parameter). Thus, following, for instance, 
the nmax-curve downwards, it can be seen that S increases 
from 3°3 to 6'0, while D, decreases from 329 to 225 mm 
and N, increases from 65 to 95. Hence, S increases 
with N,. The cavitation parameter o remains, however, 
approximately constant. 

The consideration of pump behaviour along the 
line ymax = constant is justified, since all other com- 
parisons were related to maximum efficiency conditions. 
It is somewhat surprising that the cavitation tendency 
is decreased by increasing the specific speed. A pos- 
sible explanation is that, with decreasing values of 
Qopt, at the same running speed and with the same im- 
peller inlet angle, the effective angle reaches appreciably 
higher values. 

Effect of speed of rotation: ‘To determine the 
influence of pump speed, two variable-speed pumps of 
different sizes were tested. The minimum positive 
suction heads 4h were determined for similar operating 
conditions, i.e, N, = constant and y= ymax. In 
theory, o and S should remain constant for similar 
operating conditions, as long as no other influences 
occur, in spite of the different speeds of rotation N. 
Furthermore, 4h should be proportional to N?. How- 
ever, with the larger pump it was found that 4h does 
not vary as N*, but as a function of N”, where x is a 
value less than 2. The test of the second pump gave 
a different value of x, also less than 2. For the larger 
pump, o increased from 0-08 at 2800 rpm to 0:097 at 
1600 rpm, while for the smaller pump o = 0:061 at 
2800 rpm and o = 0:093 at 1600 rpm. Both pumps 
were tested at constant specific speeds, wviz.: 87 
for the larger, and 88 for the smaller pump. The 
conclusion, therefore, seems to be that, under similar 
conditions, cavitation tendency is greater at reduced 
pump speeds, and smaller at higher speeds. 

From the evaluation of a large number of additional 
tests, it was found that the cavitation parameter is 
effectively a function of the specific speed, but this 
relation is masked by other influences, i.e., pump size 
and operating speed. No consistent 


and 4h = 0), reaching a maximum fairly steeply and 
then falling off gradually with increasing 4h-values. 
Using only the test points taken at maximum efficiency 
in each case, it is possible to determine the relation 
between 4h and N , Q. These curves clearly show that 
the inlet diameter has a predominant effect. The effect 
of specific speed is also noticeable, but is less marked 
and constant; N,-values give a broken line instead of 
a smooth curve, owing to appreciable scatter. Another 
diagram is obtained by plotting D, against 4h for 
various values of N \/Q taken as parameter. This 
diagram shows how far 4h can be reduced by in- 
creasing the inlet diameter D,. All these tests were 
carried out with small and medium size pumps, with 
inlet diameters not greater than about 350 mm. It is 
possible that the influence of D, is less marked with 
larger size pumps. On the basis of the results available, 
it is found that, for small and medium size pumps, 
4h is definitely a function of N, Q, and D,, and that it 
can be represented by the relation 


4h=C,(NQ)" .. .. QL 


where C, and the exponent depend on D, and N. 
Additional tests are required to indicate reliable values 
for C, and n. 
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AUTOMATIC EXTRACTION STEAM 
TURBINES IN CZECHOSLOVAKIA 
(Concluded from page 380) 


transmission to the extraction control valves would 
not be feasible, owing to the considerable thermal 
expansion present, and, therefore, an oil control gear is 
used. To permit back-pressure operation from the 
automatic extraction point, i.e., with fully closed ex- 
traction valves, a pressure servomotor II is interposed 
at the relay of the main servomotor. The turbine must 
fulfil the requirement of quick setting for the various 
types of operation, and hence this new solution is 
characterised by a selector valve K, which, for different 
settings, switches oil from the “ Askania” pressure 
regulator to the pressure servomotors I and II, to 
satisfy the following conditions :— 





relationships were obtained by plotting 
o or S against N,, 4h against N 


Operation 





and Q, or 4h against N? Q. It was 
therefore found necessary to divide 
the pumps into classes, depending on the 
type of construction and operating speed 
(single-stage pumps with axial inlet 
passage, multi-stage pumps with curved 


Condensing 
Extraction 


Back-pressure 


Position of | Pressure Pressure Extraction 
selector K | servomotor I servomotor II control valve 
| . . —— ° 
1 in upper position in upper position fully open 
2 regulating in lower position regulating 
3 in lower position regulating closed 





inlet and considerably reduced passage 
cross-sections through the hub, etc.). After making 
these subdivisions, and plotting N / Q against 4h with 
the impeller inlet diameter D, as parameter, it was 
found that the test points of each class follow a definite 
family of curves. The curves of constant D,-values 
are of the parabolic type (from the origin N \/ O = 0 
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This basic system has been employed in ‘a number 
of cases, although some additional features have been 
incorporated, depending on varying requirements ; for 
instance, in the case of a two-cylinder turbine with two 
automatic extraction points, two selector valves have 
been used, catering for six operational conditions. 
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Measurements of Heat Transfer and Delivery Efficiency of 


Air Compressors 


By M. M. GHonEIM. (From Dissertation No. 2174, Zurich Technological University (E.T.H.), 1952, 54 pp., 
32 illustrations). 


Piston-type compressors are widely used for the compression of vapours and gases in all pressure ranges, 

yet very little basic information has been published, even on air compressors operating in the medium- 

pressure range. In the following the author deals with capacity losses, heat transfer conditions, heat 

transfer rates, and their effect on operating conditions with different clearance volumes and clearance 

surfaces. He also investigates the influence of the number of valves used and the effect of turbulence 
during the intake process. 


AN actual indicator diagram for an air compressor is 

shown in Fig. 1. It differs from the theoretical diagram, 

which consists of two constant-pressure lines (p, and p.) 

and two adiabatics, in the following respects :— 

(i) An exchange of heat takes place between the air in 
the cylinder, the walls, the inlet valves, and the 
residual gas in the clearance space. 

(ii) The compression line is not an adiabatic; the air 
first receives heat from the walls, until it reaches a 
sufficiently high temperature during compression 
for a reversal in the direction of heat flow to take 
place. 

(iii) During discharge, the air in the cylinder cools down 
to some extent, so that the gases remaining in the 
cylinder clearance volume are of relatively higher 
density; the expansion of these residual gases thus 
begins at a somewhat decreased temperature, while 
the heat flow to the walls continues. 

(iv) The flow resistance of the valves in the suction and 
discharge processes causes pressure fluctuations in 
the diagram, with consequent losses due to heating 
of air during admission and discharge; as a result, 
there is an unfavourable decrease in density, par- 
ticularly during admission. 

During admission, the pressure drops below the 

atmospheric line and may not reach atmospheric 

pressure at the beginning of compression; dynamic 

phenomena occurring in the intake pipe can have a 

considerable influence, which can sometimes be 

utilised to produce a ram effect. 
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Fig. 1. Actual indicator diagram for an air compressor. 

















Influence of clearance volume: Normally, the 
clearance volume V, is 2 to 7 per cent of the swept 
volume V, (i.e., of the piston displacement). Com- 
pressors with small piston diameters designed for very 
high pressures have clearance volumes reaching 15 per 
cent, on account of theirless favourable valve arrangement. 
Even larger values are obtained if the delivery at con- 
stant speed is controlled by clearance volume regulation. 
The clearance volume affects the heat exchange between 
air and wall surfaces and therefore alters the compression 
process. 

The theoretical volumetric efficiency is given by 

ne(tny = 1—(V./V,) ((pe/pay!” —1) (1) 
It is decreased, therefore, by large V,-values and high 
pressure ratios. The effective charging efficiency 
Nv(ett) is generaliy less than the theoretical value, and 
is based on the volume of air actually drawn in. Of 
greater interest, however, is the weight of air discharged. 
The useful efficiency or ‘delivery efficiency” of a 
compressor! is defined as 
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A = ratio of weight of air discharged to weight of air 
theoretically drawn in during piston displacement 
(referred to intake). 

Disregarding the leakage losses of piston rings and 

valves, which can generally be neglected, it is found that 

Ac Ny(ett) (T./T;) 


where J, = air temperature [°K] in suction space, 
and 7, = air temperature in cylinder at end of suction 
stroke [°K]. 

The heat transfer during the suction process is thus 
an important factor. The wall temperature must be 
kept low; this brings the compression process somewhat 
closer to an isothermal line, thereby reducing the com- 
pression work. The air is cooled to a lower temperature 
during the discharge process and thus affects the weight 
of the residual air and the expansion line. The air 
receives heat at the end of expansion. The higher the 
heat transfer rate, the lower will be the effective charging 
efficiency and the delivery efficiency. 

The trend in compressor design is towards high 
pressure ratios and high rotational speeds, in order to 
obtain compact units. These factors affect the heat 
exchange conditions as well as the economical operating 
conditions of the compressor. For this reason also, it 
is desirable to have accurately measured values of heat 
transfer. 


PREVIOUSLY PUBLISHED DATA ON HEAT TRANSFER IN 
COMPRESSORS 

Although extensive investigations of heat transfer 
processes have been made for combustion engines, 
these are not directly applicable to compressors. For 
instance, thermal radiation can be neglected in com- 
pressors and should therefore be subtracted from any 
test results derived from internal combustion engines. 

Influence of piston speed: Values obtained from 
combustion bomb tests give heat transfer rates which 
are many times smaller than those determined in 
engines. The higher values for engines are mainly due 
to the movement of gases in periodic processes. 

In pipes under steady flow conditions, the heat 
transfer is estimated by similarity considerations, using 
Nusselt’s number Nu=f(Re,Pr), where Re = 
Reynolds number, and Pr = Prandtl number. 

Reynolds number depends, in the first place, on 
the mean flow velocity c,,. In cylinders, the flow is due 
partly to piston movement and partly to turbulent 
motion initiated during the admission, so that c,, 1s 
not easily obtained. Heat transfer is mainly affected by 
the relative velocity of the gas and the walls; hence, 
piston movement mainly affects conditions at the skirt 
of the piston, and is less important at the piston face 
and on the cylinder head surfaces. The vicinity of the 
valves, however, is primarily affected by flow con- 
ditions during admission and discharge. 

Measurements of flow velocities in the cylinder of 
an air compressor were made by Ulsamer*, but were 
limited to very low piston speeds. Ulsamer found that 
the air velocity reached its maximum value in the first 
part of the suction stroke. At the highest running speed 
tested (172 rpm, corresponding to a c,, of 1:26 m sec), 
the maximum was about 10 times the mean value, and 
the velocity decreased rapidly in the subsequent part 
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of the cycle. It reached its minimum value near the 
wall at the end of compression, rising again thereafter 
as soon as the discharge valve was opened. The rise in 
speed towards the end of compression was more pro- 
nounced further inside the cylinder. 

Reynolds number also depends on kinematic vis- 
cosity, which decreases with increasing pressure or 
decreasing temperature. However, as both pressure 
and temperature vary in the same direction during the 
working cycle, their effects cancel out. As reduced 
kinematic viscosity raises the Reynolds number, this 
results in an increased tendency towards turbulence. 
It can thus be inferred generally that turbulence in- 
creases slightly during compression and decreases during 
expansion. Extending the similarity considerations 
somewhat further, it may be pointed out that, in the 
turbulent range, the heat transfer decreases approxi- 
mately as the fourth root of the reference diameter ; 
hence, some similar relationship may be expected in 
compressors. 

Heilemann’s measurements* served to determine 
the influence of pressure ratio and rotational speed on 
the heat transmitted to cooling water. With a pressure 
ratio of 2-5, the heat transferred was 1120, 1315, and 
1533 kcal/hr for c,, = 0-546, 0-804, and 1-069 m/sec 
respectively, whereas for the same c,,-values but with 
a pressure ratio of 5-0, the heat values reached 2470, 
2840, and 3500 kcal/hr, respectively. This leads to the 
conclusion that the heat transfer rate must also increase 
with air density and running speed. 

In tests on a low-pressure cylinder, with a pressure 
ratio of 3°74, Kollmann‘ found values of heat transfer 
rates during compression which are about 7 to 12 times 
higher than corresponding values determined by 
Nusselt’s formula’ : 


a= 0:99y/p>Tx (1 +1:24en) .. (2) 


where «% = heat transfer coefficient [kcal/m? hr° C], 
p = gas pressure [atm abs], T = gas temperature [°K], 
and c,, = mean piston speed [m/sec]. In Kollmann’s 
opinion, « is a function of rotational speed during com- 
pression and at the end of expansion, but not during 
admission and discharge. 

Values of a, agreeing with those calculated by 
Nusselt’s formula, as well as with Ricardo’s results, 
were obtained by Stambuleanu®, using a cylinder 
without a piston, supplied with compressed air from a 
compressor. 


Test EQUIPMENT AND PRELIMINARY TESTS 


Compressor: The compressor used in the tests was 
specially built to obtain a particularly simple cylinder 
form. Bore and stroke were each 300 mm, and the 
ratio of connecting rod length to crank radius was 
445 : 1. The clearance volume could be varied by 
inserting different joint thicknesses between the cylinder 
and the cylinder head, which was of welded construction. 
The upper part of the cylinder was enlarged to allow 
ample space for the valves (four inlet and four discharge 
valves, of automatic Hérbiger disc type). The intake 
and discharge spaces were separated by a sheet-metal 
partition. The compressor was designed without a 
cooling jacket but with provision for water cooling of 
the central portion of the cylinder head. 

The drive was from a 60-kW asynchronous motor 
A (Fig. 2), with gear unit and belt and pulley system 
driving the crankshaft of a diesel engine, which was 
used as a kind of crosshead. The compressor D was 
mounted over the diesel cylinder B. To take up any 
Possible misalignment, the diesel piston and the con- 
hecting rod of the compressor were linked together by 
a ball joint arrangement. An intermediate tubular 
Section C with a stuffing box was provided between the 
‘wo cylinders. By using different pulley ratios, it was 
— to vary the rotational speed of the compressor 
tom 200 to 400 rpm. The air intake was variable 
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within wide limits, viz., 90 m*/hr at 4°1 atm abs discharge 
pressure at 200 rpm with a clearance volume of 263 
per cent, and 400 m*/hr at zero discharge pressure with 
a clearance volume of 2-5 per cent. 

The air drawn in passed through a standard metering 
orifice E before flowing into a receiver F. The latter 
was connected with the cylinder head by flexible 
piping. The compressed air was forced out through a 
flexible pipe into a second receiver G, connected to a 
discharge pipe. The discharge pressure was accurately 
controlled by throttling. 

Air flow measurements: The suction pipe was 
137 mm in diameter and 2500 mm in length. The 
Metering orifices used were 40 and 30 mm in diameter. 
In the second receiver, the discharge pressure was 
measured with a Bourdon gauge, accurate to 0-02 
kg/cm. The discharge pressure nozzle was fitted into 
a short length of pipe after the second receiver and 
connected to a pipe, 2 metres in length, at the end of 
which the discharge metering orifice H (Fig. 2) was 
situated. 

Air temperature was measured ahead of this orifice 
by means of a mercury thermometer 7 immersed in oil, 
located obliquely in a ribbed tube, and arranged so as 
to avoid any disturbance of the flow. All the pipes 
were lagged to avoid heat losses. Air losses due to 
leakage past the piston rings were measured by pro- 
viding a pipe through the bcttom cover of the cylinder, 
so that leakage air could flow through this pipe into 
two small air receivers K and L, connected to a rotary 
flowmeter M. To maintain the same direction of flow 
despite volume fluctuations of 7 per cent due to piston 
movement, a non-return valve was incorporated in the 
pipe between these two receivers. 

Pressure indication: Indicator cards recorded by 
means of mechanical indicators were considered un- 
suitable in view of the small diagram size obtained with 
the strong springs required to give sufficiently high 
natural frequencies. 

The Farnboro’ indicator gives diagrams of an 
adequate size. However, preliminary tests showed that 
its accuracy is not as high as that of mechanical indi- 
cators. Owing to diaphragm inertia and friction in the 
transmission mechanism for the counter-pressure, two 


Schematic layout of test equipment. 
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different series of points were obtained for the compres- 
sion line and the expansion line, according to whether 
they were sparked with increasing or decreasing counter- 
pressures. The difference, even with the lightest 
diaphragm, was about 0°3 atm. Moreover, the Farnboro’ 
indicator was not found suitable for measuring prac- 
ticaily constant pressures during the fairly long ad- 
mission and discharge periods occurring in the com- 
pressor. An indicator of the piezo-electric type was also 
tried, but difficulties occurred owing to the low funda- 
mental frequency of the pressure variations and the 
proximity of the electric drive motor. 

Suitable results were obtained by using a mechanical 
Maihak indicator with a small mass and a fairly soft 
spring. For normal indication, the unit had a suffi- 
ciently high frequency of 10,000 vpm. In addition, 
detailed diagrams were taken with greater distances 
between the suction line, the discharge, and the atmos- 
pheric line, using a considerably softer spring with a 
rate of !/., kg/mm. Diagrams were also taken from 
the inlet and discharge chambers of the cylinder head, 
but their pressure fluctuations were so small that 
indication was hardly possible. 

Temperature measurement : Twelve copper-constantan 
thermocouples were inserted in the cylinder cover and 
in the piston, at a depth of 0°25 mm from the surface, 
and fitted with double sheet-steel radiation shields, 
where necessary. In addition, in order to determine 
the heat gradient through the metal, three extra thermo- 
couples were fitted into the central portion of the 
cylinder head, at 20 mm distance from the surface, in 
contact with the gases. From the thermal conductivity 
A of the wall [kcal/m hr °C] and the temperature gradient 
dT/dx [’C/m], the heat flow density is 


q=—AdT/dx [kcal/m?hr] .. (3) 


and the mean heat transfer coefficient «,, is determined 
from 
Om = 9/(Tres — 9) [keal/m?hr °C] .. (4) 


where Tres = resultant temperature [°K] of the air in 
the cylinder, and © = wall surface temperature [°K]. 
Altogether, 17 thermocouples were built in and their 
output voltages were measured by means of a null- 
balance circuit arrangement. For accurate measurements 
of temperature gradient, a Multiflex mirror galvano- 
meter, with a sensitivity of 0-146 mV per 100 mm, was 
used. A d.c. amplifier of a type previously employed 
by Hug’ was tried in measurements of temperature 
fluctuations of the order of 4°C, but the electrical 
disturbances were such as to prevent reliable operation. 
Temperature fluctuations in the inlet and discharge 
chambers were therefore measured with two special 
resistance thermometers. 

The determination of the air temperature in the 
compressor cylinder by direct measurement is of con- 
siderable interest, since it is not possible to apply the 
equation of state for perfect gases to the discharge and 
suction periods, in order to obtain calculated tempera- 
tures. Kollmann assumed a linear temperature variation 
against time for these two periods. Heilemann used a 
polytropic with pV'! = constant. Both formulae, 
however, indicate a supply of heat from the walls to 
the air, this being impossible, as the air temperature at 
the end of expansion is generally higher than the wall 
temperatures derived from measurements, particularly 
in the case of cooled compressors. 

Rapid gas ternperature fluctuations require a ther- 
mometer of extremely small heat capacity. The 
thin-wire resistance thermometer complies with this 
requirement and has a much greater output than 
thermocouples. Wire thicknesses of 0-6-0-2 mm were 
tried by Petersen* in 1913. The thecretical aspects of 
these thermometers have been investigated by Grdéber’, 
who also proposed harmonic analyses of the results. 
The most suitable method, however, is due to Pfriem!° 
and this was employed in the present investigation. It 
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Fig. 3. Details of resistance 
thermometer. 











PLATINUM 
WIRE 


is restricted to periodic 
or very nearly reproducible 
temperature variations. 

The method consists 
of taking two consecu- 
tive Measurements with 
the same thermometer, at 
the same point of the 
cycle, with different elec- 
trical loads, so that only 
the Joule’s heat g is 
changed. The two tem- 
perature measurements ¢, and ¢, then give both 
the required gas temperature 6 and the heat transfer 
coefficient «%, between the gas and the wire, from the 
relations 

%a=[G2— G1 — A — (Gee bz — Ker E1))/(t2 — 1) (5) 
and @= 2, + [((B + Ot: —qi)/Ga]_ .- ove (6) 
where q, and g, = Joule’s heat, A = $ rc yd(t, —1t,)/dz, 
B = $rcy dt,/dz, with r= wire radius, c = specific 
heat of wire, y = specific weight of wire, z = time, 
and «, = equivalent heat transfer rate through radiation 
between wire and wall. 

The resistance thermometers used were made of 
platinum wire of 0:02 mm in diameter and about 70 mm 
in length. In one arrangement the wire was set in a 
zigzag pattern and insulated by very small quartz 
rings, as shown in Fig. 3. In the second unit, the wire 
was placed axially in the cylinder, so as to indicate a 
mean temperature of the mass of air. 

The ohmic resistance was measured by means of a 
bridge circuit with fixed elements in a screened casing. 
The resistance thermometer was connected to the 
bridge in a “ three-wire circuit,” in which one lead 
from the thermometer was connected to each of the two 
branches of the bridge, so that changes in the transition 
resistance of the connection have practically no influence. 
Recordings were taken with a Siemens Type V galvano- 
meter oscillograph, with a natural frequency of about 
1000 cps with oil damping. Extensive calibrations were 
carried out and assessments were made of radiation 
effects, measuring errors due to graphical differentiations 
for dt,/dz and dt./dz, temperature constancy over the 
wire length, and “end effects’ due to the different 
diameter of the thermometer wire and the leads. This 
method was found excellent and provided an accurate 
means of rapidly measuring varying gas temperatures. 





DETAILS OF TESTS 

The tests were carried out to determine the influence 
on delivery efficiency of clearance volume and heat 
transfer rate between air and walls. The heat transfer 
depends on rotational speed, pressure ratio, specific 
surface, and turbulence. The specific surface of contact 
between gas and metal was varied by fitting layers of 
wire mesh on the inner surface of the cylinder cover. 
However, it was possible to do this with maximum 
clearance volume only. Degree of turbulence was 
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varied by altering the number of inlet and discharge 
valves. The clearance volume was varied from 2:51 to 
263 per cent in four stages, with discharge pressures 
from zero to 3-1 atm gauge, and rotational speeds of 
196, 320, and 380 rpm, corresponding to mean flow 
velocities c,, Of 1:96, 3:2, and 3-8 m/sec respectively. 
Comparative tests were made with and without cooling 
arrangements. It was found that about one hour’s 
running was required before each test in order to obtain 
steady conditions. 

The air flow measurements showed that on an 
average the quantity of air delivered was only about 
1 per cent less than the air drawn in. About 0:56 per 
cent was accounted for by leakage past the piston rings. 
With the aid of a special measuring cylinder, the valves 
were tested periodically for tightness and correct 
closing at T.D.C., and were reground when necessary. 
Pressure diagrams were taken at all speeds and clearance 
volumes were tested. 

The temperature fluctuations in the suction and 
discharge chambers were measured with two resistance 
thermometers. The variations increased in amplitude 
with increasing pressure ratios but did not exceed 
10 C. The air temperature variations in the cylinder, 
also investigated with resistance thermometers, showed 
considerable differences according to the measuring 
positions (i.e., under an inlet valve, a discharge valve, 
or in an intermediate position), minimum values being 
obtained in the vicinity of the inlet valves at B.D.C. 
In view of these divergences, it was decided to base 
the evaluation of the heat transfer coefficients on the 
calculated temperatures obtained from the pressure 
diagrams. However, for the beginning of the expansion, 
the temperature was taken from the curves recorded 
with the resistance thermometer. 

The mean wall-surface temperature 9,,, was obtained 
from 0,, = 2(AO)/2A (where A = surface area) from 
measurements on the individual surfaces, for each point 
of the cycle. Cylinder surface and piston temperatures 
were measured at T.D.C. and B.D.C., as well as at an 
intermediate position in the case of the cylinder 
surfaces. 

Heat transfer rates: The heat exchange between the 
working medium (air) and the walls is indicated by the 
equation 

6 


Quo | aA (0 — T) dz 


a 


where A = surface area, O = wall temperature, and 
T = air temperature, and can be determined from the 
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Fig. 4. Change of state of air in the entropy diagram. 
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changes of state in an entropy diagram (Fig. 4). The 
air entering the cylinder mixes with the residual air 
and both receive heat from the wall up to the end of 
the suction period. This heat, supplied at constant 
pressure, can be determined as a differential Tds along 
a line joining points I and II in the diagram. Tds 
refers to the quantity of air in the cylinder at the cor- 
responding instant. The weight of the air can be 
evaluated from the corresponding values for tempera- 
ture, pressure, and volume, taking mean values for two 
points close to each other in the cycle. 

During compression, the air is heated by the walls 
(line II-II’ in the diagram) until its temperature is 
sufficient for a reversal in the direction of heat flow to 
take place. During the discharge process, heat is trans- 
ferred from the air to the adjacent portions of the walls. 
This heat can also be evaluated as a differential Tds 
along a line joining III and IV. 

Finally, the residual air expands while still supplying 
heat to the walls. This is represented by the vertical 
strip under the line IV-IV’. From the latter point, 
expansion proceeds with absorption of heat from the 
walls, the amount of this heat per kg of residual air 
being indicated by the strip under line IV’-I. 

For the compression period, the value of 4Q 
= T,,,4s (T,, = mean value for two consecutive points) 
was determined from an entrepy table for air, and the 
heat transfer coefficient « was obtained from: 4Q 
a A,,(@— T) 4z, where A,, = mean value of surface 
area in contact with the air during the time interval 
Az. For the suction period, a mean value was deter- 
mined by using the relation 


2 
Le, T. +13 peve+mey Ty+Qru=(1+m)c, 7, ‘I | pav 


1 


where m = v/V = ratio of weight of residual air to 
weight of air drawn in [kg/hr], 7 = thermal equivalent 
of work, and Q,, = heat exchanged during suction, 
per kg of air drawn in. The subscript ‘“e” denotes 
conditions in the suction chamber. Therefore, with 
V, = mv, and V, = (1 + m) uv, 


Qi. = (1 + m)c, T, —c, T, — me, T; —F por 
2 


+ Fp, V; “I | pdv 


or Qi, = c,(T,— T,) + me, (T, — T)) 


since the last three terms cancel out. For the discharge, 
the corresponding equation is 


4 
Qsy=(1 +m) ¢,(T1— Ts) —I PVs IPsVs+F | pdV 
3 


TesT RESULTS 


Charging efficiency: The effective volumetric effi- 
ciency or charging efficiency was evaluated assuming an 
adiabatic change of state from atmospheric pressure to 
the effective suction pressure. For the re-expansion of 
the clearance air, a mean polytropic exponent was used, 
up to the point corresponding to the beginning of the 
suction period. The charging efficiency of the com- 
pressor follows a linear law, from 90 per cent at 0-1 atm 
gauge discharge pressure to 67 per cent at 3-1 atm gauge 
(the theoretical values being 100 per cent and 73 per 
cent, respectively), for a relative clearance volume 
V./V, of 14-4 per cent, at 196 rpm, with cooling of 
the cylinder cover. 

The difference 7,(err) — 7,(tn) is not affected by 
the pressure ratio and increases slightly with increased 
piston speed and clearance volume. The compression 
line is initially very flat for large clearance volumes. 

Delivery efficiency: For the compressor operating 
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under the conditions described above, the delivery 
efficiency A was 0:9 per cent lower than 7, (err) at 0-1 atm 
gauge and 2 per cent below 7»(err) at 3-1 atm gauge 
discharge pressure. This decrease is due to the heating 
of the air, which increases with greater temperature 
differences between the air and the walls. The decrease 
is less pronounced at high rotational speeds, because 
the periods of heat exchange are reduced and the heat 
transfer coefficient does not rise correspondingly. 

The difference 7, (err) — A between effective charging 
efficiency and delivery efficiency decreases when the 
clearance volume is increased. For instance, at 196 rpm, 
Operating against a discharge pressure of 3-1 atm gauge, 
with cooling of the cylinder cover, this difference de- 
creases from 10 per cent to about 1 per cent, when the 
clearance volume is increased from 2:5 to 26:5 per cent. 
The reason for this is that the heat transfer rate be- 
tween the air and the walls, mainly at the beginning of 
the suction period, is reduced with increased clearance 
volume, owing to a decrease in turbulence in the 
cylinder. The tests with increased heat-exchange sur- 
faces (layers of wire mesh in clearance space) showed a 
decrease in delivery efficiency as follows, for p;/p, = 4:5 
and V/V, = 26:3 per cent :—Initial surface area 0-6 m?, 
A = 45:3 per cent; increased surface area 1:9 m?, 
A = 43 per cent. As regards cooling effects, the cnly 
provision for cooling was at the central portion of the 
cylinder head. This cooling had very little influence 
on the delivery efficiency. 

Heat transfer coefficient: The mean heat transfer 
coefficient «,, for the entire cycle was determined from 
eqs. (3) and (4) from the mean air temperature T,,, 
using a thermal conductivity coefficient A = 50 kcal/ 
mhr °C. It was found that «,, increased with — 
speed and pressure — ratio (for instance, “%», = 
kcal/m*hr °C for c,, = 1:95 m/sec, and «, = 125 :; 
Cm = 3°8 m/sec). 

For the instantaneous values of « relating to the 
individual processes of the cycle, the following results 
were obtained :— 

(1) Suction period :—With large clearance/volume 
ratios, « is independent of the rotational speed N, but 
increases slightly with N for small clearance/volume 
ratios. The clearance/volume ratio V./V, has a con- 
siderable effect on « (for instance, « = 200 kcal/m#hr °C 
with V./V, = 2:5 per cent, and « = 60 with V, AV 

26°3 per cent). The inlet valve area also affects a, 
which increases at high inlet flow velocities. 

(2) Compression period:—« increases with speed. 
For instance, at a discharge pressure of 3-71 atm gauge, 
a = 145 kcal/m*hr °C at c,, = 1:95 m/sec, and « = 
229 at C,, = 3°83 m/sec. 

(3) Discharge and expansion periods :—During dis- 
charge, « was found to be independent of speed and 
V../V,, remaining at a value of about 180 kcal/m*hr °C. 
During expansion, « increases slightly with running 
speed, but no influence from V/V, was noticeable. 

Fig. 5 shows an example of air temperature variations 
measured in the cylinder by means of the resistance 
thermometer, as well as calculated values based on the 
indicator diagram, and the curve of the heat transfer 
coefficient « plotted against crank angle position. 


COMPARISON WITH PREvioUS RESULTS 


The polytropic exponents given by Richter!! were 
n(.)= 1:3 for calculating the end of compression, and 
n(.)= 111 for the end of expansion. The present in- 
vestigations give m.)= 1:3 and m,)= 1:35. It should 
be noted that m(,)= 1:1 would result in air temperatures 
T which are always higher than the wall temperature 9. 
It would also represent a supply of heat to the air from 
the walls which, however, would be impossible, since 
T> 90. With mn.) = 1:35, this contradiction is 
eliminated. 

Heilemann’s results* also indicate a falling off in 4, 
and an increase in 7,(err) — A, when the pressure ratio 
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Fig. 5. Measured and calculated air temperature variations, 


and heat transfer coefficient a plotted against crank angle 
position. 


N = 196 rpm; V;/Vs = 9:65% 5; discharge pressure = 3:1 atm 
gauge. No cooling. 


is increased. In addition, he found that the intensity of 
cooling is of only comparatively small importance as 
regards A. The main advantage of cooling is that it 
reduces the heating of air during admission, and thus 
improves the delivery efficiency to some extent. 
Heilemann also found that increased rotational speeds 
result in an increased supply of heat to the air from the 
walls during expansion, but that all other interchanges 
of heat are reduced at higher speeds. Regarding the 
polytropic exponents, he also proposes values resulting 
in a contradiction, as in the case of Richter.'! It was 
pointed out by Kollmann‘ that this may have been 
due to incorrect recordings of the expansion line, owing 
to the inertia of the indicator system used. The other 
sections of Heilemann’s work show good agreement 
with the present results. 

Kollmann determined values of «,, which are 
considerably higher than those obtained in this inves- 
tigation. It should be mentioned, however, that his 
tests refer to c,,-values ranging from 0°44 to 1:26 m/sec, 
whereas the present tests were over the range of 
c,-values from 1:96 to 3°8 m/sec. His values of %,, 
for compression are between 7 and 12 times higher than 
those calculated by Nusselt’s or Eichelberg’s formulae, 
i.e. 3°5 to 6 times higher than those cbtained in this 
investigation. Kollmann explained these high values 
as being due to the high air velocities occurring inside 
the cylinder. However, this factor is taken into account 
in Eichelberg’ s formula, and it is probable that the gas 
velocities in a compressor cylinder are not greater than 
they are in internal combustion engines. With regard 
to the various factors affecting the heat transfer 
coefficients during discharge and expansion, Kollmann’s 
findings agree, in general, with those derived in the 
present work. 
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Vacuum Metallising as a Production Process 
By J. G. SEITER. (From The Tool Engineer, Vol. 31, No. 3, September, 1953, pp. 49-53, 5 illustrations.) 


With the advent of efficient vacuum pumps and systems, vacuum metallising has become a practical 

commercial process. In the following article, the author discusses various applications of the process, 

describes a typical production unit, and compares the advantages of vacuum metallising with those of other 
methods of depositing metallic coatings. 


VacuUM metallising, which is based on principles known 
and understood for over fifty years, should not be con- 
fused with vacuum sputtering or with vacuum spraying 
under mechanical or thermal impulse. It vaporises 
metals or salts in an extremely high vacuum. Under 
these conditions, the depositing material is reduced to 
molecular particles which are free to move at will in the 
absence of restraining air pressure. 

The object to be metallised and the pure metal, 
alloy, or metallic salt to be deposited are enclosed in a 
chamber and a high vacuum is drawn. High tempera- 
ture, exceeding the melting point of the metal to be 
deposited, is applied. The metal vaporises and, because 
vaporised molecules characteristically travel in straight 
lines from the source, molecules deposit themselves on 
the first facing surface they meet. Objects or materials 
to be metallised are arranged on fixtures so that they 
will receive a deposit but will not be subjected to heat 
during the deposition period. 

Functional uses are widely varied. Many non- 
conductors, which cannot be electroplated, are easily 
metallised. Some non-conductors, which require heavy 
plating and which must therefore be electroplated, are 
first metallised to provide a conductive surface that 
will accept electroplating. For example, gramophone 
record masters are metallised to form a base for heavy 
electroplating, to make dies from which records are 
moulded. 

Condensers or capacitors are now made by metal- 
lising thin paper with zinc or aluminium and then 
tolling compactly. These are smaller and lighter than 
those made of aluminium foil and are self-healing in 
case of dielectric rupture. 

Lenses for cameras and many scientific instruments 
are now required to be non-reflective. This can be 
accomplished by depositing, under vacuum, a film of 
magnesium fluoride about 1/300,000 in. in thickness. 
Quartz crystals, used as frequency controls in oscillators, 
are vacuum metallised to improve conductivity. The 
film is so thin for this application that it does not affect 
the vibration characteristics for which the crystals are 
precisely ground. 


VACUUM METALLISING PROCESS 


The surfaces to be metallised must be prepared for 
reception of the molecules of metal. Several types of 
preparation are used, the object of each being to pro- 
duce a smooth, shiny surface, which is clean and will 
minimise out-gassing tendencies. In most cases, an 
undercoat of lacquer, applied by dipping or spraying, 
serves the dual purpose of minimising out-gassing and 
of levelling small surface defects. Before lacquering, 
parts must be clean. 

Glass products are normally metallised without 
undercoating, but must be chemically clean. Radiant 
heat is usually applied to the glass within the vacuum 
chamber, to remove adsorbed gases and moisture from 
the surface. As a final preparatory step, the glass is 
subjected to a high-voltage glow discharge within the 
vacuum chamber to remove the last traces of impurities. 
A high-voltage transformer and an extra electrode 
lonise the gas within the chamber and bombard the 
surface of the glass with electrons. 

While minimising out-gassing is important when 
vacuum metallising metals, it is vital with plastics, 
especially where low-grade plasticisers are used. Out- 
assing increases with rising temperature and diminish- 
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ing pressure, and the flow of gas molecules impedes the 
deposit of metallic molecules. 

With a continuous process, as in metallising rolls 
of cellophane or acetate sheet, it is preferable to out-gas 
the material in a chamber other than the metallising 
chamber. This removes most of the plasticiser, which 
would otherwise out-gas to such an extent that the 
required level of vacuum could not be reached. 

For many products, the drawing of vacuum alone 
is sufficient to take care of out-gassing and moisture. 
This operation is helped by heating first and then cool- 
ing. To facilitate this operation, some metallising cham- 
bers are jacketed for 5-psi steam to help in both the 
out-gassing and drying cycles. When this is complete, as 
indicated by the vacuum gauge reading, cold water is 
circulated in the jacket to cool the interior surfaces of 
the chamber and to reduce residual molecular surface 
activity to a minimum. 

When steam is not available, radiant heat can be 
used. The jacket is then used only for circulating 
cooling water. Material is ready for the metallising 
process when the pressure in the chamber has been 
reduced to 0:5 micron (0:0005 mm Hg) or less. 

The metal to be deposited is vaporised by resistance 
heating. Aluminium, one of the most widely used 
metals, is normally deposited by hanging small alu- 
minium staples from coils of stranded tungsten wire 
filaments. These filaments are connected to the source 
of electric current through several electrodes running 
lengthwise through the chamber. The number of fila- 
ments is gauged by the amount of metal to be deposited. 
The filaments are mounted coaxially, in parallel in the 
electrical assembly. 

The parts to be metallised are introduced into the 
chamber, generally on specially designed racks. The 
filaments are preheated to drive off gases and to allow 
for expansion, a step that adds to filament life. They are 
gradually raised to incandescence at 1200°F, the 
melting point of aluminium. 

The molten aluminium spreads over and wets the 
strands of tungsten. In its molten state, the aluminium 
acts as a “‘getter” to adsorb gases and to contribute to 
an even better vacuum. The temperature is now rapidly 
raised to 1800° F, at which point evaporation or flashing 
takes place. 

Some metals, when raised to the temperature of the 
incandescent tungsten filament, do not wet the tungsten 
and therefore do not adhere long enough to be 
evaporated. In these cases, the filaments are first 
electroplated with a heavy coating of the metal to be 
evaporated. 

Other metals and metallic salts, which cannot be 
hung from filaments, are evaporated from boats or 
crucibles, normally made by forming tungsten or 
molybdenum into V-shaped troughs. The boat is 
fastened at each end to the electrical leads and, as 
current is applied, becomes incandescent and causes 
the metallic salts to melt and vaporise. This set-up 
provides a large surface of evaporating metal and is 
best suited for processing parts requiring a relatively large 
amount of metal to be deposited, as in the continuous 
metallising of sheet stock or rolls, shown in Fig. 1. 


MATERIALS AND PROPERTIES OF COATINGS 


For decorative purposes, aluminium is most com- 
monly used with vacuum metallising because it is most 
easily vaporised. Furthermore, it has the same colour, 
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when deposited by vacuum metallising, as polished 
silver, rhodium, or chromium. It is cheaper and does 
not tarnish, even when unlacquered. With a topcoat 
of lacquer, it is permanently protected against moderate 
abrasion and can be permanently dyed to simulate any 
metallic colour. Gold and silver are used if the appli- 
cation requires pure metals, rather than a simulated 
colour. 

Platinum, tungsten, tantalum, and molybdenum 
can be evaporated but are more difficult to process. 
Nickel and chromium are frequently used, despite the 
high temperatures required to vaporise them. The 
latter metals usually react with the tungsten filaments, 
to which the vaporising material is secured, and create 
an impure radiation. In such cases the tungsten filament 
is electroplated with a quantity of the desired metal, 
which is then evaporated from its surface. 

Coatings deposited under vacuum are extremely 
thin; they can be controlled to one ten-millionth of 
an inch in thickness and seldom exceed five millionths of 
an inch. They are brilliant in finish and follow precisely 
the pattern of the coated object. The brilliant metallised 
finish does not require the buffing operation charac- 
teristic of electroplating. Corrosion resistance of ob- 
jects thus coated is high when compared with that of 
electroplated surfaces. 

Thickness depends on the length of time the current 
is held at the vaporisation temperature of the depositing 
metal. Normal time is a flash of 5 or 10 seconds after 
the coating metal has melted and wetted the filament. 
Because thickness can be so accurately controlled, it is 
possible to create surfaces on glass that are non-reflective, 
partly reflective, or opaque and fully reflective to 
visible light and infra-red radiation. 





Fig. 1 Fig. 2 


An aluminium film less than 1/300,000 in. thick 
completely conceals the colour of the coated object. 
Because it effectively hides colour, the process can be 
used with plastic parts made from scrap material which 
would otherwise be rejected in ordinary production 
processes because of poor colour. 

The coating is fully flexible and adherence is 
excellent, even when applied to cloth, leather, paper, 
acetate sheets, and other materials subject to frequent 
flexing. 

The quantities of deposition materials used are 
extremely small, as is indicated by the thin films de- 
posited. For gold stamping leaf—where a thin thermo- 
plastic sheet with a layer of wax is fixed to an acetate 
sheet and then vacuum metallised—one cubic inch of 
gold covers over 330,000 sq in. of leat. One ounce of 
aluminium will cover an area of 630,000 sq in. 

With a chamber 60 in. in length and 48 in. in dia- 
meter, a typical production vacuum metallising unit has 
a 15 kVA filament power supply and, with its related 
equipment, occupies 150 sq ft of floor space. The basic 
unit includes racks for stationary metallising, with pro- 
vision for using revolving spiders when over-all coating 
is desired, as shown in Fig. 2. The spiders fit in a 
removable frame and are driven from outside the 
chamber through a rotary vacuum seal. They are usually 
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interchangeable, one with another and end-for-end. 

Where only one side of a part is to be metallised, 
the parts are grouped around the periphery of the 
chamber, and the deposit metal is placed in the centre, 
as shown in Fig. 3. 

Filaments: In production models, a dual set of 
filaments provides for the possibility that some of the 
filaments may burn out during the flashing period. 
Only one set is used at a time, so that if any filaments 
burn out, the alternate set can be activated through an 
externally located switch. Thus, it is unnecessary to 
break the vacuum and to change filaments in the 
middle of a cycle. 

An additional advantage of using dual filaments is 
that individual filaments can be completely used. 
Fifteen or more cycles are possible before failure, 
resulting in a substantial saving of tungsten. 

Time Cycle: Since the flashing or metallising cycle 
is brief, production capacity of vacuum metallising is 
actually a function of vacuum-pumping speed. A 
typical pump cycle takes seven minutes ; rough pumping 
with a mechanical pump takes three minutes; the booster 
pump reduces pressure to 100 microns or less in one 
minute; and in another three minutes the diffusion 
pumps have reduced the pressure to 0-5 micron. 

The total cycle time for the metallising process 
varies between 10 and 25 minutes, depending on the 
material being coated and the time required for out- 
gassing and stabilising the lacquer. 

Cleaning: During the metallising period, the sight- 
glasses and chamber interior are metallised, as well as 
the objects put in for that purpose. For convenience 
in preparing batches, a sight-glass is necessary; a thin 
acrylic sheet is therefore inserted in a frame in front of the 
sight glass. When the 
plastic sheet becomes 
Opaque, it is removed 
and replaced with a 
clean sheet. The metal- 
lised film can be easily 
removed from the plas- 
tic by a mild caustic 
solution, so that the 
sheets are re-usable. 

Some _ metallising 
chambers are equipped 
with stainless _ steel 
linings, easily remov- 
able for cleaning. De- 
posits of vaporised 
metal can be cleaned from the sectional lining in a 
matter of minutes, as contrasted with the four to five 
hours required for cleaning a chamber without a 
removable liner. 





ADVANTAGES OF VACUUM METALLISING 


There are four methods of depositing metallic 
coatings, viz.: Electroplating, chemical reduction of 
silver nitrate, electrostatic spraying, and vacuum metal- 
lising. Each has special advantages. 

Electroplating will produce a metallic coating of any 
desired thickness, while vacuum metallising will pro- 
duce thin coatings only. However, electroplating 
demands a subject having electrical polarity, which is 
not required for vacuum metallising. Chemical reduction 
of silver nitrate is a perfect process for interior coatings, 
such as those of thermos bottles, while vacuum metal- 
lising reaches only those surfaces exposed to the geo- 
metrically straight radiation of vaporised molecules. 
To vacuum-coat most interior surfaces, the vessels must 
be made into individual vacuum chambers and cannot 
be handled continuously or in batches. Electrostatic 
spraying is useful for exterior surfaces but, as with 
electroplating, requires the subject to have electrical 
polarity. 

(Concluded on page 394) 


THE ENGINEERS’ DIGEST 











Cess 
the 
yut- 


zht- 
1 as 
nce 
thin 
‘the 

the 
mes 
ved 


etal- 
sily 
las- 
istic 

the 


sing 
yped 
steel 
10Vv- 


‘ised 
in a 

five 
It a 


allic 
1 of 
etal- 


any 
pro- 
ting 
h is 
‘tion 
ings, 
etal- 
geo- 
ules. 
nust 
nnot 
tatic 
with 
rical 


IH 














GERMANY 


Wire Testing by Ultrasonic Methods 


By R. POoHLMAN. (From Draht, Vol. 4, No. 6, June, 1953, pp. 211-214, 7 illustrations.) 


ULTRASONIC frequencies used for non-destructive 
materials testing are generally between 0-1 and 10 Mcs, 
and vary according to the dimensions and absorption 
properties of the objects to be tested. Ultrasonic 
vibrations are propagated as alternating compressive 
and tensile strains in the material, but their propagation 
is impeded by cracks, blow holes, and even very small 
cavities occurring as lattice defects or fissures of mole- 
cular magnitude. The method is therefore extremely 
sensitive and compares favourably with, for instance, 
X-ray inspection methods, which are based on differences 
in contrast. Fine cracks and gap widths less than about 
15 per cent of the thickness of the material can hardly 
be identified by X-ray methods. Ultrasonic vibrations 
are transmitted particularly effectively by ceramic 
materials, and thicknesses of several metres can be 
investigated in steels with low damping properties. 

However, ultrasonic methods have rarely been 
employed hitherto for wire testing, owing to the diffi- 
culties occurring in work of this kind when using 
reflected pulses or “‘ echoes.”” Most types of ultrasonic 
equipment previously developed are based on the re- 
flection method. This consists of sending an ultrasonic 
pulse into the material under test; reflections or 
“echo pulses ” then occur at the bottom surface, as well 
as at any interfaces of defects in the material. The 
echoes are picked up by a receiver element and all 
pulses are monitored on the screen of a cathode-ray 
tube. In order to be able to separate the pulses from 
each other on the screen, the time between the input 
signal and the reflected pulses must not be too short ; 
hence, the reflected pulse method is applied mainly to 
medium or large-size components. Thin or small-size 
test pieces give rise to difficulties, and these are par- 
ticularly apparent with thin wires subjected to con- 
tinuous inspection tests in the transverse direction. 

The “‘ transmitted pulse ” method, in this respect, 
gives fully satisfactory results. In this method, the 
sender and receiver elements are placed on opposite 
sides of the test piece (instead of side-by-side as in the 
reflected pulse method), and measurements are taken 
of the ultrasonic energy leaving the section of the test 
piece being investigated. This transmitted energy is 
less than the input energy, owing to the energy losses 
occurring along the path of the pulse. The losses are 
particularly appreciable if there are any defects in the 
cross-section in question. The transmitted pulse 
method is not subject to any thickness limitations and is 
particularly suitable for investigating wires, foils, 
bi-metal strips, watch springs, and other thin compo- 
nents of various shapes. 


SENDER 


Ver 
/\ 


RECEIVER 











Fig. 1. Feeler head arrangement for wire testing. 


_ The arrangement used for wire testing is shown in 
Fig. 1. The wire slides between the two elements of the 
sender and receiver units. When a defect passes 
through the dotted lines representing the ultrasonic 
field, there will be a corresponding drop in the energy 
picked up by the receiver element. This decrease is 
immediately indicated by the measuring equipment 
described below. In general, the variations can be 
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Fig. 2. Operation of ‘‘ Sonometer.” 
(a) Insensitive range ; (b) sensitive range. 


represented as shown in Fig. 2. For an absolutely 
smooth wire, free from defects, the signal is at a constant 
value with maximum strength (straight-line portion of 
diagram), whereas small, large, or medium size defects 
(numbered 1, 2, and 3, respectively) give signals of 
correspondingly varying intensity. 

The small ripples shown in Figs. 2a and 2b are in- 
cluded to denote disturbances due to surface defects of 
the wire. It should be noted that wires with a high- 
quality surface give low transition losses at the surface 
and therefore enable very fine defects to be indicated, 
whereas wires with greater surface roughness give rise 
to a background disturbance of low-amplitude ripples, 
which allow only correspondingly larger defects to be 
indicated. 

The ‘“‘ Sonometer ”’ equipment, developed for ultra- 
sonic testing by the transmitted pulse method, includes a 
compensating circuit, which makes it possible to adjust 
its pointer-type indicating instrument to the range of 
intensities requiring supervision. For instance, in Fig. 
2a, with a “low level” setting, the equipment will 
indicate only the large-amplitude drop of pulse 2. On 
passing the middle-of-the-scale deflection, the instru- 
ment acts on a low-inertia type relay, which stops the 
wire feed mechanism and operates an optical or acoustic 
warning device. The mid-scale position is indicated by 
a dotted line in the shaded area of the measuring range in 
both Figs. 2a and 2b. By shifting the measuring range 
to a “ high level ” setting, so that its upper limit almost 
touches the ripples caused by surface roughness, it is 
possible to indicate the smaller defects, such as 1 and 3, 
in Fig. 2b. The limit as regards the size of the defects 
which can be indicated is therefore determined by the 
surface quality of the test material and not by the sen- 
sitivity of the apparatus or its design features, these being 
able to cope with all practical requirements. 

It has already been mentioned that interspaces of 
approximately molecular size, i.e., of the order of 
10° cm, can be definitely detected. However, with an 
arrangement of the type shown in Fig. 1, the minimum 
size of crack capable of detection depends on the size of 
the contact area provided on each of the feeler head 
elements. To obtain adequate indication, the defect 
should extend over about 5 to 10 per cent of the area 
covered by the sonic field. This means that, to indicate 
small defects, the feeler heads must be fitted with fairly 
pointed end portions and the rate of feed of the wire must 
be slowed down correspondingly. It is always neces- 
sary, therefore, to make a compromise between the feed 
rate of the wire and the minimum size of defect to be 
indicated. Satisfactory results can be obtained by 
choosing the feed rate in such a way that the smallest 
defect will remain about 20 milliseconds in the sonic 
field between the feeler head elements. 

Fig. 3 shows a block diagram of the ‘‘ Sonometer ” 
system. The quartz type signal generator S is mains- 
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Fig. 3. 


operated by means of an H.F. oscillator with frequency- 
modulated H.F. voltage. The basic oscillator frequency 
is 8-5 Mcs, but a frequency of 2:8 Mcs is also available 
for thick wires and similar size components. Fre- 
quency modulation is obtained with the mains frequency, 
the frequency shift being +0-15 Mcs. The ultrasonic 
energy passing through the test piece reaches the 
receiver element R, which transmits the signal to an 
H.F. amplifier, with a gain of 10,000, and a demodulator 
rectifier, followed by a d.c. amplifier and the indicating 
instrument, which is connected to a relay, as previously 
described. The receiver circuits also include a range 
adjustment, by means of which the measuring range of 
the instrument can be shifted to the required level. 

All electrical circuits are assembled in a single 
unit. The front panel has only two adjustments (for 
signal intensity and range shift respectively), and is 
fitted with the indicating instrument. In addition, 
there is a pilot light, which indicates when the equipment 
is in operation, and a red warning light, which glows 
when defects produce signals exceeding the preset value. 
This warning light is operated by the relay and is 
connected to terminal sockets for actuation of other 
auxiliary devices. 


Block diagram of ** Sonometer ” circuit. 


— PILO’ : r . P r 
O; aaa which covers it with a thin, even oil film to ensure 


























Fig. 4. Some examples of possible applications. 


To make the equipment suitable for different appli- 
cations, the feeler heads of the sender and receiver units 
have been designed for use with a wide range of de- 
tachable test points. Usually, the two units are clamped 
on adjustable rods or brackets. However, for very thin 
wires, a special head has been developed, which combines 
both the transmitter and the receiver elements. These 
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warninc fe similar in appearance to flat pole pieces placed at the 
LIGHT bottom of a supporting cylinder. 


The thin wire or 
narrow steel band first passes through a small device, 


uniform transition conditions. The material, subjected 
to a slight tension, then runs over rollers through two 
guide grooves on either side of the test points. 

For industrial applications, ‘‘ Sonometer” equip- 
ment can operate automatically and practically 
without supervision. Preliminary tests are made to 
determine the permissible range for defects which are 
to be excluded from the indication. The equipment is 
then adjusted according to operating requirements, and 
the wire or steel band can thereafter be tested continu- 
ously, without further alterations, provided that the feed 
rate and tension remain constant within certain limits. 

Some additional possibilities of application are 
illustrated in Fig. 4. The method of testing is basically 
the same and only modifications in the supporting 
arrangements and the test points of the feeler heads are 
required. The testing of ceramic insulators is shown in 
(a), while (b) illustrates the testing of hard metal bits 
for brazing and other defects. The investigation of 
hard chromium plating of cylinder interiors, to test the 
adhesion of the chromium layer, is shown in (c). Here, 
the test elements are in a Vee arrangement, in order to 
make use of reflections from the outer wall. The testing 
of turbine blades is shown in (d), and of wires, steel 
bands, strips, and foils in (e). The adhesion strength 
of chromium layers on press dies is checked as indicated 
in (f). Wheel rims can be inspected as illustrated in (g), 
while (h) and (i) are examples, using Vee arrangements 
where necessary, showing the testing of welding seams in 
boiler shells. 





VACUUM METALLISING AS A PRODUCTION 
PROCESS 


(Concluded from page 392) 


Vacuum metallising is far less expensive than 
electroplating and avoids the hazard encountered when 
handling corrosive and noxious chemicals. It is less 
expensive than the silver reduction process. It does not 
require the object to be electrically conductive. It will 
handle a great number of units in batches, or rolled 
materials continuously. Vacuum-metallised surfaces 
are unaffected by ageing, and the cost of vacuum metal- 
lising is not affected by the colour desired. In all 
other processes, the colour is determined by the nature 
of the metal deposited. In vacuum metallising, alu- 
minium can be deposited and the topcoat of lacquer 
dyed to give the desired metallic colour. 

A rough cost comparison of electroplating, silver 
reduction, and vacuum metallising for a given decorative 
item is as follows: Electroplating, 1-4d; silver re- 
duction, 0-7d; vacuum metallising, 0-3d. This com- 
parison is not meant to imply that vacuum metallising 
is best for every purpose, but rather that, where a 
metallic coating is needed on any surface, vacuum 
metallising should be considered in the light of its 
potential applicability and economy. ; 

Vacuum metallising cannot replace chromium 
plating in every instance, as, for example, in automobile 
bumpers and parts which may be subjected to impact 
shocks and which need greater resistance to abrasion. 
However, for other automobile parts, such as radiator 
grilles, it would serve extremely well. 

In general, the vacuum-metallised product for 
exterior use is only as good as the protective topcoating 
of lacquer applied after metallising, but development 
of these lacquers has now progressed to the point where 
vacuum surfaces will withstand a greater salt-spray 
exposure than present commercially chromium-plated 
parts. 
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| New Materials, Processes and Equipment 





CONSTANT MESH GEARBOX 


A new constant mesh 5-speed gearbox, the David 
Brown 557 CM, designed for commercial and passenger 
vehicles of 22 tons maximum weight, has been put into 
production by David Brown and Sons (Huddersfield) 
Ltd. 
The new boxes, which have direct drive top gears 
and constant mesh in all gears, are suitable for either 
unit or mid-mounting and can be supplied to suit either 
right or left hand driving positions. All gears are of the 
single helical type, of 33 per cent nickel chrome case- 
hardened steel, and are shaved after cutting. Tooth 
forms are of 20 deg. pressure angle, with profiles modified 
to obviate tip interference under heavy load. 





A centre bearing, incorporated in the intermediate 
wall of the aluminium case, provides independent 
support for the final shaft. A roller bearing carries the 
primary shaft and a location bearing takes the axial load 
from the gears. Three roller bearings support the 
layshaft, the two outer bearings having lips to locate the 
shaft axially. The front end of the mainshaft is carried 
on a roller bearing and on a deep-groove ball bearing at 
the rear. Roller brushes, each with two rows of large 
rollers, are fitted to each of the loose mainshaft gears. 

An auxiliary drive is provided to accommodate a 
high-pressure brake pump. This pump is at the rear of 
the gearbox, thereby ensuring that the brakes are 
energised at all times, including when the vehicle is in 
neutral gear. 

Approximate weight of the gearbox illustrated, 
complete with ball housing and forward control, is 
410 lb. For a vehicle of 15 tons capacity and 22 tons 
loaded weight, maximum engine torque is 4,200 lb-in., 
with a probable minimum axle ratio of 6:25/1. Stan- 
dard gear ratios are 1/1 (5th), 1565/1 (4th), 2:74/1 (3rd), 
4-68/1 (2nd), and 7:92/1 (1st and reverse gears). 


OSCILLOGRAM PROCESSOR 


Oscillographic records on any standard recording 
Papers up to 12 inches in width may be completely 
Processed and dried at speeds exceeding 10 feet per 
minute by a new processor, manufactured by Consoli- 
dated Engineering Corporation, of Pasadena, California. 

The 250-foot capacity magazine of this processor 
may be loaded quickly and easily in subdued light or a 
darkroom, depending on the sensitivity of the record 
material being used. Spares are available, so that several 
Magazines may be loaded at one time. Operation 
Tfequires no previous photographic experience, nor is 
any complex threading involved in the loading. No 
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external water supply is necessary, and a stabiliser 
solution is used, in place of the conventional fixing bath, 
thereby eliminating the usual washing procedure 
necessary with standard photographic processing 
procedures. 





Solutions are contained in stainless steel tanks and 
are thermostatically maintained at 100° F to minimise 
ambient temperature effects. Cumulative footage which 
has been processed is shown on an indicator, so that 
remaining solution life may be calculated. Drying- 
drum temperature is thermostatically controlled and 
may be adjusted by the operator for various humidity 
conditions, paper widths, and record materials. 

The processor is constructed of stainless steel with 
chemical-proof controls and panels. It is compact and 
portable, measuring only 17 = 31 18 in. high, and 
may be carried directly to a test site where examination 
of data is necessary as soon as possible after a test run. 


ELECTRONIC HEAT GENERATOR 


Several of the disadvantages previously associated 
with H.F. Induction Heating have been overcome in the 
design of the new 5 kW Electronic Heat Generator, 
Type 850, manufactured by Airmec, of High Wycombe. 

Both manual power control and facilities for auto- 
matic power control have been incorporated, thus enab- 
ling a very high standard of heating precision to be 
obtained, particularly in repetitive operations. 

The problem of heating objects at a distance has been 
solved by the provision of a small remote work unit, 
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GOODYEAR BELT GIVES 
TROUBLE-FREE SERVICE 





ON INTRICATE DRIVE 


Extreme flexibility proved in woodwork factory 


OUNDED as a cooperage in 1878, the firm of 

Craigs Ltd., Widnes, has steadily expanded ever 
since. Today it combines a flourishing timber 
merchanting business with large scale woodwork 
manufacture for the building, chemical, engineering 
and textile industries. 
On the manufacturing side, Goodyear transmission 
belts are giving highly satisfactory performance under 
the toughest working conditions. 
On this sanding machine, for example, a Goodyear 
Endless Cord Belt is giving outstanding service. 
Here, the 35 h.p. drive entails six changes of direction, 
combined with a regular lateral movement of the 
roller pulleys. Belt speed is over 2,000 feet per 
minute. Goodyear Endless Cord Belts were adopted 
after other types of belt had been.proved unsuitable 
for the drive. 


WHY GOODYEAR? 


Why are Goodyear Industrial Rubber Products so 
completely reliable? Because they are the result of 
over 50 years’ experience in rubber engineering. 
Because skilled Goodyear technicians supervise their 
manufacture at every stage. That is why Goodyear 
products are giving years of trouble-free service, the 
world over. 


GOODYEAR ENDLESS CORD BELT 


A belt with exceptional flexi- 
bility that permits greater speed 
over small pulleys. The load is 
carried by a central layer of 
robust, low stretch cords, con- 
tinuously wound so that joints 
are eliminated. Balanced con- 
struction of the cords and of the 
tough fabric envelope ensure true 
running. The Goodyear Endless 
Cord Belt carries 334 per cent. 
more load than any other belt of 
equal thickness, 


Goo 














* Goodyear Endless Cord Belts successfully tackle a com- * 


plicated drive with six changes of direction. This is a 
sanding machine in the woodwork factory of Craigs Ltd., 
timber merchants at Widnes. Tough, dependable Goodyear 
belts are used exclusively throughout the plant. 
(NOTE. The guards have been temporarily removed from 
this drive to facilitate photography.) 





Illustrated and informative catalogues are available for all Goodyear 
Industrial Rubber Products. Please write to Dept. ¥, Goodyear Tyre & 
Rubber Co. (G.B.) Ltd., Wolverhampton, stating the products in which 


you are interested. 
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TRANSMISSION BELTING - V-BELTS - CONVEYOR BELTING - INDUSTRIAL HOSE 


ASS THE ENGINEERS’ DIGEST 














which enables articles to be heated up to 12 feet away 
from the generator, without any loss of power. The 
generator, continuously operated, is rated to develop a 
maximum power of 5:5 kW in the work, and the difficulty 
of obtaining optimum power in widely differing con- 
ditions has been overcome by providing unusually 
versatile output matching arrangements. 

In spite of the inclusion of these features in the 
generator, a very moderate cost has been achieved. 


FLEXIBLE HOSE LINES 


With conventional hose lines and swaged-on fittings, 
these fittings cannot be removed from a damaged hose 
to be attached to a new piece of hose. The user is 
therefore obliged to order hose lines ready-made in the 
required length for every particular installation, with the 
consequent need to stock large quantities of hose lines 
with various end fitting combinations. 





With the use of ‘‘ Aeroquip” flexible hose and 
detachable, re-usable fittings, the British licensees of 
which are Messrs. Super Oil Seals & Gaskets Ltd., of 
Birmingham, stocks can be cut to a minimum, because 
hose lines can be hand-assembled on the spot, using 
bulk hose and the particular fittings needed. 

The Aeroquip hose fittings illustrated consist of two 
basic parts, viz.: a socket anda nipple. A coarse left- 
hand thread provides a means for screwing the hose into 
the socket. A recess greatly facilitates the insertion of 
the nipple, which is screwed into the socket by means of a 
fine thread, thus firmly gripping the hose. Once 
assembled, Aeroquip fittings need no adjustment or 
tightening. 

Rugged and easily installed flexible lines can thus be 
made up with bulk hose fittings, in any size or length 
required, in the same manner as, and without the dis- 
advantages associated with, copper tubing. The 
fittings may be saved and re-used many times. 

Aeroquip hose lines offer a satisfactory solution to 
many problems encountered in the operation of heavy- 
duty industrial equipment, particularly where engine 
installations are concerned, and are recommended 
wherever fluid-carrying lines are subjected to flexing or 
vibration. 


DIFFERENTIAL DRAUGHT GAUGE 


A recent development in the range of instruments 
manufactured by George Kent Ltd., of Luton, for 
assisting combustion control is the ‘‘ Differential Draught 
Gauge.” Of the many instruments used in the measure- 
ment of differential pressure it is the simplest, and is 
therefore exceptionally useful on all boiler plants, 
especially on those ‘boilers fired with pulverised fuel, 
the load on the pulverising mill being indicated by the 
differential pressure across the mill. There are similar 
applications for the gauge on sinter plants, etc. 

The measuring element is a sturdy diaphragm- 
Operated mechanism. The diaphragm divides two 
Pressure-tight chambers, one receiving the upstream 
pressure and the other the downstream pressure. Two 
springs, one in either chamber, support this diaphragm. 

€ spring in the upstream chamber ensures the 
correct direction of movement of the diaphragm; the 
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other spring, the ‘‘ control spring,” is of calibrated 
strength and governs the range of the instrument. The 
movement of the diaphragm is transmitted to a light, 
balanced pointer by means of a linkage system through 
a pressure-tight hat-leather-type gland. There is a 
zero-adjusting screw on the pointer arm, and the pointer 
indicates on a bold, vertical, edgewise scale calibrated in 
differential-pressure units. When internal illumination 
is required, a translucent scale is used. 

The instrument is capable of measuring up to 30 in. 
w.g. differential head. A dust- and fume-proof case 
houses the differential unit. Ranges available are 0-2, 
0-3, 0-4, 0-6, 0-9, 0-12, 0-16, 0-20, 0-25, 0-30 in. 
differential pressure, with an accuracy of + 2 per cent 
of maximum differential head. 


DIE GRINDER KIT 


The new die grinder kit (type DG1), introduced by 
Wolf Electric Tools Ltd., of London, has an extremely 
powerful driving unit, possessing abundant speed and 
power, with a capacity for grinding wheels up to 1% in. 
dia x + in., and a speed (running light) of 16,000 rpm. 
The input on full load is 270 W and its nett weight is 5 lb. 

The complete kit comprises the high speed DG1 
grinder with 10 ft of 3-core T.R.S. cable, a spare set of 
carbon brushes, a carefully chosen set of mounted points, 
grinding wheels, and felt bobs and arbors, completely 
housed in a specially designed steel carrying case. This 
outfit provides an efficient method for grinding down 
contours, correcting inaccuracies in dies, light profile 
grinding, etc. A wider selection of rotary files and 
milling cutters for use on non-ferrous metals is available 
to suit special requirements. 
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THE 
POWER 
OF A 
NAME 


Waumeron. The name itself is 


convey an instant impression of one of the few men who have proved outstanding in 


enough to 


Britain’s history as both Soldier and Statesman — the incomparable Iron Duke. Such 
immediate recognition is a characteristic of al] outstanding names. For example, to the 
industrial world the name Hoover represents the world’s finest fractional horse power 
motor, unrivalled for its sturdy construction and trouble-free performance. Here is a 


‘fractional’ successfully proved by manufacturers all over the world; backed by the 


renowned Hoover service plan. 


The Hoover F.H.P. motor combines superb quality 
with competitive price. Please write for name and 
address of your nearest distributor. 


HOOVER 
LIMITED 


INDUSTRIAL PRODUCTS 
DEPARTMENT 
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PRE-PLASTICISING INJECTION MOULDING 
MACHINE 


In the past, pre-plasticising units have functioned 
in two movements and have contained two distinct 
units. Now, however, for the first time, a single-stage 
and “in-line” system of pre-plasticising is available 
in the “‘ 1044 Autoplas,” designed and manufactured 
by R. H. Windsor Ltd., of Chessington, Surrey, and 
illustrated below. 

The advantages consequent on this new development 
are complete cleanliness without a trace of bleed-back ; 
excellent, dry colouring dispersion, due to the com- 
pounding action of the pre-plasticiser; easier main- 
tenance and cleaning of those parts in contact with the 
moulding material ; and simplified colour and material 
change. 

The complete pre-plasticising unit is fully automatic, 
all power being derived from the pump unit. There is 
separate pressurised lubrication to the gear box and thrust 
system, and three-zone heat control by controlling 
pyrometers. The incorporation of this unit into the 
Windsor S.H.8/10 injection moulding machine enables 
32-ounce (Cellulose Acetate) mouldings to be made, 
whereas the previous capacity of the machine was 
10-12 ounces. Plasticising capacity, formerly 60 lb, is 
raised to 140 lb per hour. 

The plunger consists of two specially designed 
intermeshing screws driven by a hydraulic motor 
through a gear box. The hydraulic motor, gear box, 
and screw assembly slide forward and backward as an 
independent unit. The material is fed into a heated 
barrel, in which the screws rotate, pressing the plastic 
material forward and plasticising it under high pressure 
to the front of the barrel. 





Injection is accomplished by a hydraulic ram, the 
cylinder of which is fixed at the rear end of the frame. 
The ram moves the screws (which are now stationary) 
forward through the barrel towards the nozzle, ex- 
pelling the pre-plasticised material into the mould, the 
screws thus acting as a plunger. 

When the mould is filled, the hydraulic motor 
starts and the screws resume rotation, pressing the 
plasticised material forward and filling the front of the 
barrel. Since the mould is already filled, pressure is 
built up in front of the screws, causing the screws, 
gear box, hydraulic motor assembly, and the hydraulic 
ram to move backward to a predetermined stop. The 
return movement can be arrested at any point of the 
stroke. As this movement is relevant to the weight of 
shot required, it can, if necessary, be actuated to serve 
the Same conditions as the ‘‘ weigh-in” method. 
During this movement, cooling of the moulded com- 
ponent has taken place and it can now be removed. 
The mould is closed and the cycle begins again. 

A larger machine, the ‘‘ 2044 Autoplas ” is also in 
production. 
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THREAD ROLLING MACHINE 


A completely new small semi-automatic thread 
rolling machine, utilising their well-known self-opening 
thread rolling heads, was shown at the Third European 
Machine Tool Exhibition, Brussels, by Messrs. Wilhelm 
Fette, of Hamburg. It enables rapid rolling of threads 
on components up to ? in. in diameter, without the 
need for a heavy rolling machine or for lathes and 
capstan lathes, on which thread rolling heads are 
normally used. 





An interesting feature of the machine is 
its simple and rapid operation, due to the 
combined action of a spider wheel. Various 
movements of this one wheel clamp the com- 
ponent in a built-in vice, bring the component 
into contact with the head, and finally, after 
thread rolling, release the component. The 
heads, four intetchangeable sizes of which can 
be used on the machine, are mounted on a 
sliding headstock and are driven either directly 
from the motor or through change-gears to 
give the required rolling speed, depending on 
the size of head used. The thread rolling 
heads can be replaced by turning or chamfer- 
ing heads for sizing and chamfering the 
component blanks prior to thread rolling. 

Alternative methods of loading and 
clamping the components are available. One 
makes use of a simple vice, while another 
utilises a circular magazine-type clamping 
drum and is particularly suitable for rapid thread rolling 
of short thread lengths. A special arrangement for the 
production of lengths of thread up to a diameter of 
about 0-2 in. involves the use of special guide rolls 
situated just ahead of the thread rolls. The material 
can be fed to the head from a drum, thread rolled, and 
passed through the thread rolling head and headstock. 

The machine, without its base, which is in the form of 
a steel cabinet, as illustrated, and which contains the 
coolant installation, is only 26 in. « 16 in. x 7} in. 
high. Its weight is approximately 160 lb. 


REVOLVER LATHE 


The Revolver Lathe DR, manufactured by Liechti 
& Co., of Langnau-Bern, Switzlerland, and shown at 
the Third European Machine Tool Exhibition, Brussels, 
has a maximum turning diameter of 254” for chuck 
work and a spindle bore of 4}”. 

The lathe is fitted with two completely independent 
cross slides, on each of which is a tool table which can 
be indexed to four stations of 90 deg. The template- 
tables are coupled, so as to index to the desired station 
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How many bronze bushes have we here? 


We'll tell you—one hundred and ninety-one. Are they all the 
same? No, theyre all different— graduating in length, in 
nominal bore, in nominal housing size. A complete range? 
A complete STANDARD range. If | order, when can you 
supply? Straight away, from stock. How many? Many as you like. Any choice of grooving designs? 
Five. Completely finished? Finished and ready — with an allowance in the bore for final sizing, after 
assembly, What is the material spec? Glacier lead bronze, a first-class bearing metal that is proving 
itself in countless applications where bronze bushes are normally used. Then if I give you an order for 
a specially produced bush, entailing special drawings and tooling, when one 

of your standard bushes could do me just as well, I’m simply throwing time and Write today 
money away? Exactly. THAT’S THE LOGIC BEHIND for a wall chart 


of sizes and 
| recommended 


G IL, /4\ | clearances. 
Cl E R STANDARD SIZES 


REGD. TRADE MARK 
THE GLACIER METAL COMPANY LIMITED, ALPERTON, WEMBLEY, MIDDLESEX 
MAKERS OF GENUINE THIN-WALL, THIN-WALL MICRO AND THICK-WALL BEARINGS 
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simultaneously. Both slides can be operated fully (1) Swivelling control head, permitting rapid correction 








independently of one another and both may be em- of parallelism without excessive wheel dressing. 

ployed for longitudinal or transverse machining or (2) Micrometer lateral adjustment of grinding wheel 

copying. The possible combinations of tooling which spindle. é 

can be arranged are practically infinite, whether with (3) Separate truing slides and independent drives for 

multi-tool holders for turning, facing, and boring control and grinding wheels. - ; 

operations, or single tool turning, for copying. (4) Power truing of grinding wheel, if required, and 
The movements of the cross-slides, such as feed incorporation of form grinding facilities in standard 

and rapid travel, and the indexing of the tool and copy machine. eine whan 

tables, are all operated by means of push-buttons or (5) Automatic pressure lubrication of grinding head 

rotary switches. Each cross-slide has its own feed-unit, slideways. oa 

each with 16 feeds. The power operated chuck clamping (6) Maximum accessibility to all units. 














The capacity of the machine enables work to te 
ground from ; to 3 in. diameter, either by the straight- 
through method or plunge-cut. Through-feed bar 
grinding from ,; to } in. in maximum lengths of 10 ft 
can also be effected by fitting the appropriate attach- 
ment. The machine will hendle plain cylindrical, 
tapered, shouldered, special form, or multi-diameter 

9 components. 
° The grinding wheel head is of large proportions, to 
ensure rigidity and vibration-free operation. The 
’ wheel head is moved either by handwheel or lever, 
€ both of which are fitted. Extremely fine feed is ob- 
; tained by means of the micrometer head, graduated to 
m 0-001 in. Truing is carried out at the rear of the grinding 
a wheel from a slide mounted in the head casting, as 
oF is so constructed that it is pessible to pass bars up to shown in the accompanying view from the rear of the 
- 4!” diameter through the spindle. ‘The copy-table grinding wheel head. The control for the grinding 
with template holders, can, if required, be replaced by wheel lateral adjustment and the handwheel for extra- 
59 a normal tailstock for turning between centres, on fine forward feed of the grinding wheel, when setting 
: work up to 153” diameter. The drive is provided by up, will also be seen in this illustration. me 
7 a direct-coupled flanged motor through a twelve speed Messrs. Burton, Griffiths and Company Limited 
gear-box to the spindlestock, where the main spindle are the sole agents in Great Britain for this machine. 
ny is driven by a pair of gears. 
: All units employed are standardised and independent, 
or and therefore require no fitting work, should a replace- 
ment become necessary at any time, while the whole 
machine is of shell construction and is extremely rigid. 
The normal power available is 30 hp, but the motor 
may be overloaded up to 45 hp for short periods. The 
machine can be arranged for fully or semi-automatic 
operation, 
_ Messrs. Acbars Limited, of London, are sole agents 
in the United Kingdom for this lathe. 
CENTRELESS GRINDER 
A new machine, which made its debut at the Third 
— European Machine Tool Exhibition, Brussels, is the 
S B.S.A. No. 4 Centreless Grinder, manufactured by 
B.S.A. T ools Limited, of Marston Green, Birmingham. 
This new grinder, the front view of which is illus- 
1X trated, replaces their well-known No. 7 model, and 
; incorporates many refinements, among which the 
38 following may be mentioned :— 
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Two hundred and seventy seven .. . and each one 
represents a WAKEFIELD mechanical lubricator 
supplied to BAKER PERKINS LTD. of Peterborough. 


WAKEFIELD 


MECHANICAL LUBRICATORS 





C. C. WAKEFIELD & CO. LTD., GROSVENOR STREET, LONDON, W.! 
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VACUUM METAL MELTING PLANT 


The melting of metals under high vacuum is a 
process of comparatively recent development, but 
during and since the last world war it has progressed 
from the initial stages of laboratory experiments with 
small and makeshift equipment to the point where a 
standardised range of sizes is now available, with 
crucible capacities from 20 to 240 Ib, and with accom- 
panying high-vacuum pumping equipment suitable for 
vacua of the order of 10° mm Hg. Indeed, there is 
to-day a plant installed in a Swiss works with a crucible 
capacity of 450 Ib of steel. 

In a well-designed plant, melting should be carried 
out as far as possible under the same conditions as any 
other installation working at atmospheric pressure. In 
the case of the plant illustrated, which is a 60 lb standard 
installation, made by the Swiss firm G.A.B., of Balzers, 
Liechtenstein, the container is made of stainless steel, 
double-cased, with a large hinged cover, both body 
and cover being intensively water-cooled. In the design 
of this furnace, the problem of obtaining access to the 
crucible for the addition of various constituents during 
the progress of the melt is overcome by the provision 
in the main cover of the container of a supplementary 
6-chamber rotation hopper. This hopper is situated 
directly above the crucible, and can be turned by means 
of an external handle, so that each of the compartments 
can be brought successively over a charging hole, 
through which the contents of the compartment are 
dropped on to a hinged shovel immediately below, 
while the actuation of another external lever allows the 
shovel to be tipped and to slide the charge into the 
crucible. 


Observation of the progress of a melt is normally a 
difficult matter in a vacuum plant because, owing to 
the heavy vaporisation of the charge, a normal in- 
spection window would be quickly obscured by a 
metallic deposit. In the plant described, there is an 
Inspection window of quartz glass in the hinged cover, 
reinforced internally by a second window made of 
Pyrex, the latter being protected to a great extent 
against the deposit of metallic vapour when not in use 
by a movable guard, while it can be cleaned of any 
such deposit by a wire wiping-brush operated by an 
external lever. However, advantageous as visual ob- 
servation is, the method is naturally no substitute for 
accurate pyrometric measurement, and although the 
use of an optical pyrometer is not possible, a method 
has been devised for readings to be taken by a thermo- 
couple. By means of a spring mounting arrangement, 
this couple (in a quartz protecting tube) is normally 
maintained alongside the crucible, where it is not 
liable to either mechanical or thermal damage, and in 
this position it does not interfere either with the charging 
or tilting of the crucible. It is inserted into the crucible 
by the simple movement of an external hand lever. 

For pouring, only the crucible tilts. Induction 
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heating is employed in this case, the method permitting 
the crucible to be moulded and fired im situ. As the 
crucible is of the lip-tilting type, the molten charge is 
poured directly into the mould located immediately 
beneath the lip, without any necessity for movement 
or adjustment of the mould during the progress of the 
pour. The moulds usually employed are of cast-iron 
or steel, having perfectly smooth surfaces, and pre- 
heated to some 300° C. The ingot mould is attached to 
a vertical stand with adjustable arms, so that the stand 
serves for a variety of moulds of different sizes. Pro- 
vision is made for these to be water-cooled, if necessary. 


CRANKSHAFT GRINDING MACHINE 


A relatively simple, but very useful, grinding machine 
was shown at the Third European Machine Tool 
Exhibition, Brussels, by Les Ateliers de Construction 
J. de Buyser, of Brussels. This machine has been 
specially designed for the grinding of crankshaft 
journals, the crankshafts being held in a vertical position, 
as shown in the illustration. 

The base of the machine has a circular rotating plate, 
with a sliding auxiliary table incorporating a universal 
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chuck for clamping and driving one end of the crank- 
shaft. The upper end is held in another chuck, mounted 
on an eccentric device. The latter is located by a centre 
held in an arm, which has vertical adjustment along the 
column. The column also carries a travelling steady 
and a dial gauge for the centering of the crankpins and 
bearings. The saddle carrying the grinding spindle 
can be moved vertically by a handwheel and provision 
is also made for rapid movement. The wheel spindle 
has an oscillating movement, limited by two adjustable 
stops. The grinding feed is set by means of a micrometer 
screw, with a large, graduated thimble, giving an ac- 
curacy of 0-0004 in. 

The main advantages of this design are the small 
floor area required, rapid centering of the crankshaft, 
constant alignment of the crankpins, and the low cost of 
the grinding wheels used. The machine will admit 118 in. 
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ROCKHARD 
HAMMER FINISH 


The new Rockhard 505 two-tone Hammer 
Finish has been evolved to meet the 
demand for a material which is foolproof 
in application—even vertical surfaces 
can be sprayed without any special care. 
505 gives a constant pattern under all 
conditions. 


Outstanding Features of Rockhard 505 





One full coat is sufficient 
Economical in use 
Excellent finish 
Easily applied 
Reasonable in cost 


Needs normal spray gun 
equipment only 


Write in now for further information on 
Rockhard 505 or telephone and ask for a 
technical representative to visit you. 


GITTINGS « HILLS 


LIMITED 


TOWER VARNISH WORKS, LONG 
ACRE, BIRMINGHAM, 6. 


Telephone: EAST 0297/0298. 
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‘GC’ TYPE ANTI-VIBRATION 
MOUNTINGS 


FOR LIGHT MACHINERY, ENGINES, GENERATORS, 
COMPRESSORS, PRECISION MACHINES, ETC. 


The D.S.P. ‘«C’ Type Mounting is de- 
signed for efficient isolation of vibration 
from light and medium weight machinery. 
The range of rubber compounds available 
permits loads from 30 to 150 lbs. to be 
carried at spring rates from 175 to 1430 lbs. 
per inch. Frequencies down to 600 c.p.m. 
can be isolated. 

A complete range of D.S.P. Anti-vibration 
Mountings is available for the insulation of 
instruments and all types of machinery; 
D.S.P. technicians will gladly advise on 
any vibration problem. 
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SPECIALISTS IN PRECISION RUBBER 
ENGINEERING 


Dunlop Special Products Ltd. * (Engineering Components Div.) 
Fort Dunlop, Erdington, Birmingham, 21 
Telephone: Erdington 2121 Extension 341 & 767 
SPC PCS 
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between centres and can accommodate a maximum 
eccentricty of 6;% in. The revolving table plate has 
speeds of 15 and 25 rpm, and the grinding spindle 
rotates at 9000 rpm. The largest machine in the range 
has a length capacity of 138 in. and permits an 
eccentricity of 74 in. 


FUEL SCAVENGE PUMPS FOR AIRCRAFT 


The fuel scavenge pumps for aircraft, manufactured 
by Lear Inc., Lear-Romec Division, of Elyria, Ohio, have 
either a.c. or d.c. motors and weigh less than 4 lb per 
unit. The purpose of the fuel scavenge pump is for 
removing all fuel from the aircraft refuelling manifold 
after a refuelling operation or after the transfer of fuel 
has been accomplished. 

The Model RG-9440 a.c. unit illustrated has 0-179 
cu. in. displacement per revolution and has a maximum 





speed of 4,000 rpm. The rated capacity is 150 gph at 
5 psi discharge pressure at 17,000: ft altitude. The 
pumping element is of the positive displacement, rotary 
vane type, requiring no lubrication other than the fuel 
pumped, and capable of being run dry during short 
periods. 

The a.c. motor is + hp, 115 V, 400 cps, single phase, 
capacitor start, geared, continuous duty, and explosion 
proof. Mechanical pump shaft seals and a large safety 
drain prevent fuel leakage into the motor. In addition, 
a secondary seal is available for the motor shaft. 

This pump and motor unit is suitable for operation 
under extreme temperature conditions with fuel at 
— 65° to + 135° F. The pump operates satisfactorily 
with aromatic fuels, jet aircraft fuels, and aviation 
gasoline. 


BORE INSPECTION INSTRUMENTS 


Among workshop instruments shown at the Third 
European Machine Tool Exhibition, Brussels, were the 
“* Kollmorgen-Technoscopes,” manufactured by Messrs. 
Hans Kollmorgen G.M.B.H., of Berlin. These are 
optical instruments which, by virtue of an incorporated 
illuminating system, permit the viewing and inspection 
of the bores of hollow components to a considerable 
depth. Typical examples of applications are boiler 
pipes, gas bottles, engine cylinders, jets, rifle barrels, 
internal threads in through or blind holes, etc. 

The instruments generally consist of an eyepiece 
tube with precision rack adjustment, one or ‘more 
tubular extension pieces containing intermediate lenses, 
and the objective tube, with the probe head incorpora- 
ung the mirror, or prism arrangement, and bulb. The 
bulb operates from a low voltage supply ranging from 
2 to 6 volts, d.c. or a.c., depending on the type of instru- 
ment. The power inlet into the instrument is through 
a special connection in the eyepiece tube and the supply 
is then taken to the bulb through an insulated tube, 
concentric with the main tube. These instruments are 
available in a large range of types and sizes, each par- 
ticularly suited to certain applications. Among these 
are types with angular probes, permitting the inspection 
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of surfaces normally considered to be completely 
inaccessible. 

Magnifications available range from 2 to 4. 
For normal hollow components, tube sizes vary from 
4 in. to 1}? in. in diameter, with a maximum length of 
72 ft. For pipes and barrels, diameters range from } in. 
to 3 in., with a maximum length of 59 in. For jets, 
diameters range from 5/,, in. to '/,, in., with lengths up 
to 11? in. 


PORTABLE SPRAY PAINTING PLANT 


A new version of the Bullows PR303E portable 
spray painting plant, the Mark IV, has been introduced 
by Alfred Bullows & Sons Limited, of Walsall, Staffs., 
and was shown at the recent Engineering, Marine & 
Welding Exhibition. 

The Mark IV retains all the best features of the 
Mark III, including the ‘‘ Hydrovane ”’ rotor assembly, 
but incorporates several improvements. Chief among 
these is the replacement of the small sump and finned 
tube oil cooler by a much deeper sump extending right 
up to the motor flange. This new sump is an aluminium 
die casting, closely finned internally and externally, 
giving a higher rate of heat dissipation than the oil 
cooling tubes previously used. The complete compressor 
unit now slides into the sump, the joints being made 
with an ‘‘O” ring top and bottom. The top joint is 
enclosed in the intake chamber, so that the only exposed 
joint is that at the bottom, on which the ‘‘O” ring 
ensures a positive oil-tight seal. 





Among other benefits arising from this improvement, 
mention should be made of the following :—Weight 
reduced by 5 lb and height reduced by 2 in. ; air filter 
area increased from 2 to 9 sq. in.; easier removal and 
replacement of motor; elimination of exposed joints, 
thus ensuring oil tightness; accessibility of safety 
valve, without the need for removing the motor. 


VERTICAL SPINDLE SURFACE GRINDING 
MACHINE 

The introduction of the Model P.M.2 ‘‘ Production 
Master” Vertical Spindle Surface Grinding Machine 
is announced by Bourdon Tools Limited, of Croydon. 

_The new machine, which is equipped with fully 
automatic hydraulic feed to the table, is designed for 
mass production surface grinding of components, where 
a high degree of accuracy and finish is required and, 
under production conditions, is capable of holding 
flatness to within 0-0002 in. over the working area of 
the table and of producing fine micro-inch finishes. 

The head unit slides on long gibbed bearing sur- 
faces, which ensure maximum rigidity, and is counter- 
balanced by the motor unit. Provision is made for 
tilting the wheel head in order to cross-grind or produce 
slightly concave surfaces. 

The grinding wheel spindle is of hardened alloy 
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steel, ground all over and mounted in paired precision 
machine tool bearings, ideally positioned to control 
thermal expansion of the spindle. The spindle pulley 
is mounted on twin-ball journals, which are independent 
of the spindle, so that only a direct torque is transmitted, 
all other stresses and vibrations being eliminated. A 
single roller bearing provides location for the top end 
of the spindle. The bearing assemblies can be removed 
from the head unit in three complete sub-units. The 
spindle drive is by a 2-hp continuously rated motor, 
with transmission by two V-belts, which can be readily 
tensioned or replaced. 





Rapid vertical feed of the head is effected by un- 
locking the friction clutch and rotating the handwheel 
at te top of the column. When the head is in the rough- 
s¢ position, the friction clutch is relocked and fine 
teed is effected by the micrometer dial at the front of 
the head, which is graduated in 20 divisions, each 
uvision being 0-00025”. These divisions are placed 
approximately 3” apart, thus permitting precision setting. 

_ The table is guided on square shears and is fitted 
with a long tapered gib for wear adjustment. The top 
surface is ground by the respective machine to which 
it is fitted. All sliding and bearing surfaces are hand 
scraped to produce the greatest accuracy and are pro- 
tected against grinding dust by collapsible blinds, 
which afford a minimum operating space. 


CABLE SEALING SLEEVES 


A range of polychloroprene sealing sleeves for 
terminating cables used in normally dry conditions, 
where sealing by the more orthodox method is con- 
sidered unnecessary, has been developed by British 
Insulated Callender’s Cables Limited, of London. 

These sleeves, examples of which are illustrated, 
have been developed for use on medium voltage, two 
and three core, cambric-insulated cables, and are par- 
ticularly suitable for ship wiring. The range is to be 
extended, however, to cater for mass-impregnated non- 
draining power cables for industrial installations generally. 

The sealing sleeve, which is fitted over the prepared 
end of the cable, is a valuable method of terminating 
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—— 
cables where space is a consideration, and where the 
more complete protection afforded by a compound- 
filled box is not warranted. 


GAMMA-SENSITIVE SCINTILLATION 
COUNTERS 

Two new scintillation counters, for uranium and 
oil prospecting surveys, are announced by The Radiac 
Company, Inc., of New York. The ‘‘ Fission Finder ” 
scintillation survey meter and the ‘“‘ Fission Tackle ” 
scintillation drill hole probe-type radioactivity detector 
are self-contained battery-operated scintillation counters 
for detecting and measuring radioactivity. These in- 
struments are gamma-sensitive, and are approximately 
100 times more sensitive than the average Geiger counter. 

The ‘‘ Fission Finder ” survey meter, shown in the 
upper part of the illustration, can be made to detect 
alpha and beta activity when used with the appropriate 
phosphors, and can be used for any project calling for 
an ultra-sensitive portable radioactivity detector, such 
as for uranium or oil prospecting, where the overburden 
may reduce radioactivity to a small fraction of the 
background. It can be used for prospecting on foot, 
and from a moving vehicle or low-flying airplane. It 
also has many non-prospecting radioactivity laboratory 
applications. 





The ‘‘ Fission Tackle ” probe-type detector, shown 
in the lower part of the illustration, was designed 
specifically for exploring drill holes for uranium ore, 
and for oilwell logging. The scintillation phosphor, 
photo-multiplier tube, electronic circuit, and low 
voltage battery-operated power supply are all contained 
in this probe-type unit. Signals are transmitted by 
cable to a recording device on the surface. 
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BEST STEEL FOR 


THE JOB 











Our publication, “‘ The Mechanical 
Properties of Nickel Alloy Steels” contains 
useful design data for a wide range of 
steels. Curves and tables of properties (such 
as these shown here) are given for 30 
different direct-hardening and case- 
hardening nickel alloy steels, together with 
information on specifications and relation- 
ship between tensile strength, hardness, 
shear and torsional strengths. 
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3 This publication will assist the designer to 
2 1 choose the most suitable nickel alloy steel for 
% any given purpose. Write for a free copy. 
a 





Tempering curves and table showing the 
properties obtainable with different ruling 
sections for a low nickel-chromium steel 
to Specification En 111. 


S) 
MONO Weg NICKEL 


THE MOND NICKEL COMPANY LIMITED . SUNDERLAND HOUSE . CURZON STREET - LONDON : W.! 
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CLASSIFIED ABSTRACTS 


Numerous important abstracts which, for lack of space, cannot be published in our main editorial columns, are regularly 
included in condensed form in this section. Subscribers may obtain photostat copies of all original articles at cost. 














ALUMINIUM 


Joining Aluminium to other Metals. 


By M. A. MILLER. (From The Welding fournal, U.S.A., 
Vol. 32, No. 8, August, 1953, pp. 730-740, 17 
illustrations.) 


A NUMBER of fusion methods is available for joining 
aluminium to other metals, though the method chosen 
will depend on the metal to be joined to aluminium, 
the design of the parts, permissible joining tempera- 
tures,- the service requirements of the completed 
assembly, etc. 

Of the welding processes, arc and flash welding are 
of more general usefulness than are torch and resistance 
welding. Brazing methods are of limited usefulness in 
joining aluminium to copper and copper-base alloys, 
except by the use of transition joints ; they are of con- 
siderable value in joining aluminium to ferrous alloys, 
particularly if the ferrous parts are given a suitable 
surface preparation, such as an aluminium coating. 

A large number of metals and alloys can be joined 
to aluminium by soldering techniques. Both high- 
temperature solders, such as pure zinc or zinc-base 
alloys, and so-called soft solders may be used, the 
former exhibiting a much better resistance to corrosion 
than the latter. Casting procedures are coming into 
wider use, particularly the casting of aluminium on 
aluminium-coated steel parts. Procedures are also 
available for casting lower-melting metals, such as zinc, 
lead, tin, etc., on aluminium parts. 

Many non-fusion methods can be used for joining 
aluminium to other metals, as well as to non-metals. 
For example, silver-plated aluminium may be bonded 
to pure silver, to certain silver alloys, and to any metal 
that can be silver plated, by heating the parts together 
at 500-600° F under pressure for some time; silver 
readily diffuses across the interface and results in a 
good joint. This type of joining can be carried out 
either by pressing or rolling. Pressure welding, either 
at room or at elevated temperature, under conditions 
to give proper deformation, is becoming increasingly 
important for joining aluminium to metals such as 
copper and steel. As with diffusion welding, either 
pressing or rolling may be used. Besides copper and 
steel, nickel, zinc, lead, etc., have been welded to 
aluminium by pressing, and gold, silver, brass, tin, 
and zinc by rolling. Resin bonding, i.e., the use of 
synthetic resinous adhesives, can be used to join 
aluminium to practically any metal or non-metal. 


FLOW OF FLUIDS 


Aesodynauate Interference Between Moving Blade 

ows. 

By N. H. Kemp and W. R. Sears. (From Journal of 
the Aeronautical Sciences, U.S.A., Vol. 20, No. 9, 
September, 1953, pp. 585-597, 612, 8 illustrations.) 

THE blades of a typical turbo-machine move through a 
non-uniform field of flow, disturbed by the induced 
effects of other stationary and moving blade rows. In 
this paper, the concepts and results of the theory of 
single, thin aerofoils in non-uniform motion are applied 
to calculate the resulting non-steady effects on such 
blades. Incompressible, inviscid flow is considered. The 
usual representation of blade wheels as infinite cascades 
of two-dimensional aerofoils is adopted. 
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In this investigation, attention is confined to the 
basic case of a single stator row followed by a single 
moving motor row. As a first approximation, it is 
assumed that, to calculate the non-steady effects at any 
given blade, it is permissible to neglect the non-steady 
parts of the circulation of all other blades. However, 
for the rotor blades, the effects of their passage through 
the vortex wakes shed by stator blades are also inves- 
tigated. It is found that, with this approximation, the 
only results of thin-aerofoil theory required can be 
obtained by a simple generalisation of an earlier study 
of an aerofoil flying through a sinusoidal gust pattern. 
Expressions are worked out for the unsteady components 
of lift and moment on stator and rotor blades. 

Numerical calculations are carried out for some 
examples typical of compressor cascades. The results 
show fluctuating lift values with magnitudes as great 
as 18 per cent of the steady lift. The effects of stator 
wakes on the unsteady lift of rotor blades are found to 
be comparable with the induced effects of the stator 
blades themselves. 

The rate of energy transfer to the wake pattern of 
the rotor-stator stage has also been calculated within 
the approximations of this theory but the details are 
not presented here. For the compressor stages of the 
present numerical examples, it is found that this rate 
of energy transfer is a very small fraction of the power 
required to turn the rotor. 


Cavitation in the Mixing Zone of a Submerged 
Jet. 

By H. Rouse. (From La Houille Blanche, France, 
Vol. 8, No. 1, January-February, 1953, pp. 3-19, 7 
illustrations.) 

THERE are two inherently different conditions of flow 
which can produce the local pressure drop upon which 
cavitation depends. The first of these is the acceleration 
of a liquid as it passes along a curved boundary, the 
point of minimum intensity then lying at the boundary 
itself. The second is the generation of vortices within 
a liquid as it enters a zone of velocity discontinuity, the 
points of minimum intensity then being more or less 
remote from the boundary. In the former case the 
pressure change depends upon the characteristics of 
the mean motion, whereas in the latter it is the secondary 
motion which is directly involved. 

Whereas incipient cavitation at a streamlined 
boundary can be predicted by potential theory, that 
occurring at a surface of discontinuity depends upon 
correlation of the turbulent velocity and pressure 
fluctuations. 

Measurements of such fluctuations in a submerged 
jet are presented, together with direct observations of 
the cavitation phenomenon. Accomplishments to date 
have been largely of an exploratory nature, indicating 
directions for more refined observations rather than 
final values for immediate use. The pressure tube 
method shows promise of permitting a quantitative 
study of the instantaneous fluctuations, provided that 
the tip can be made sufficiently small relative to the 
diffusion zone and free from appreciable bias ; like the 
velocity tube, it has the particular advantage of being 
adaptable to use in both air and water. The question 
of the spatial distribution of cavities will probably 
require an investigation of scale as well as intensity, by 
methods which are still far from obvious, while for an 


402 








af? Te rs 


7 Tolimit 










Bes The range of gauges produced by the 
-NEWALL ENGINEERING CO LTD for 
the past 50 years will now be known as 
| NEWALL TOLIMIT GAUGES... 


. . Sole distributors 
NEWALL GROUP SALES LTD 


Delivery of standard, plain and screw 
plug gauges up to {° diameter ex : 
stock, All gauges are manufactured 

to B.S.I. or American tolerances and 
where necessary an A.l.D. or N.P.L. 
certificate of test can be supplied. . 





WRITE FOR STOCK LIST TO 


a= 4 
2S 
ts 
t= 
= 


'_ NEWALL GROUP SALES LTD 


1 6 PETER BOR O UGH ROAD tL ON DON Ss W 6 





Aé62 THE ENGINEERS’ DIGEST 

















analysis of the complete history of a typical cavity, it 
will be necessary to carry both pressure measurements 
and photographic observations from the nozzle itself 
to the point of collapse. The only numerical result now 
available is that determined empirically for the point of 
incipient cavitation of an initially parallel jet with even 
velocity distribution and minimum air content ; under 
these conditions, the design value o; = 0-6 is considered 
to represent a dependable figure. 


IRON AND STEEL 


Removal of Hydrogen from Liquid Steel by 
Flushing with Gas. 


By R. HAMRIN and F. de Kazinczy. (From Jernkon- 
torets Annaler, Sweden, Vol. 137, No. 7, 1953, pp. 
224-237, 7 illustrations.) 


WHEN liquid steel is flushed with gas, part of the 
hydrogen in the steel is given off to the bubbles. How- 
ever, equilibrium between the hydrogen content of the 
steel and the partial pressure of hydrogen in the bubbles 
is not usually obtained. The deviation from equilibrium 
is treated theoretically and compared with experimental 
values. It is found to increase with small bath depth, 
large bubbles, and a high content of hydrogen in the 
metal, thus causing higher gas consumption. Gas 
consumption will be smaller if flushing is carried out 
with halogens and similar gaseous materials, which 
will react with hydrogen at steel-making temperatures. 

A corresponding treatment of the deviation from 
equilibrium is given for gases at boil. It will increase 
with the content of hydrogen in the metal and the 
intensity of boil. 

A slag film at the surface of the metal will effectively 
prevent the passage of hydrogen. Slags, however, have 
the ability to occlude hydrogen, which probably is 
partly dissolved in atomic. state, partly bound as water. 
A certain decrease of the hydrogen content of the steel 
is, therefore, possible even in such cases. The diffusion 
constant of hydrogen in a solid slag film in contact with 
liquid steel has been estimated as 2 * 10°* cm2/sec. 


METALLURGICAL ENGINEERING 


Metallurgical Problems in Supersonic Flight. 


By A. G. Gray. (From Steel, U.S.A., Vol. 133, No. 
9, August 31, 1953, pp. 72-74, 6 illustrations.) 


WiTH missiles being flown at Mach numbers of 4 or 
higher, and with aircraft speeds being projected further 
into the supersonic range, temperature effects pose a 
serious problem in material selection. For instance, with 
sustained flight at Mach 4 at 40,000 feet, the skin tem- 
perature of a missile can rise to 900° F, while the surface 
temperature of a jet aircraft travelling at 1400 mph may 
rise as high as the 450° to 600° F range. One such 
design, intended for sustained supersonic flight, is ex- 
pected to reach a speed of about 1320 mph. Large 
sections of the skin of this aircraft are to be made of 
titanium. 

As aircraft travel faster, parts which are now 
planned for titanium will require an even better heat- 
resistant material. 

The most obvious effect of aerodynamic heating is 
a reduction in the basic strength of the metals used. 
Aluminium alloys lose much of their strength above 
300° F. Selection of those metals which will remain 
strong and at the same time give a structure with 
minimum weight thus becomes a primary consideration. 

This in itself is serious enough, but there are other 
even more complex problems. One such problem stems 
from the fact that, at elevated temperatures, metals tend to 
creep. Consequently, the useful life of an aircraft may 
be limited by excessive distortion of the wings after 
continued flight at high temperatures. Depending on the 
temperature and load, the creep lifetime of a structure 
can vary between thousands of hours and a few seconds. 








OCTOBER, 1953 Volume 14, No. 10 


An entirely different structural effect of aero- 
dynamic heating occurs when an aircraft or missile 
structure is subjected to rapid heating, and portions of 
the structure undergo rapid changes in temperature. 
Here, the temperature distributions in the structure 
become uneven, causing thermal stresses and buckling. 
This can change the effective stiffness of the metals in 
the structure and cause flutter. 

Rocket-powered models, equipped with telemetering 
devices to send the required information back to ground 
stations, are now being used to study the effects of 
supersonic speeds on metals. Research is also being 
carried out to determine the structural efficiencies of 
many metals at elevated temperatures. 

Efficient temperature ranges have also been studied 
for two high-strength aluminium alloys, two titanium 
alloys, and three steels for short-time compression 
loading applications at elevated temperatures. 

For plate buckling, the advantages of the lightweight 
materials showed up. The aluminium alloys are most 
efficient up to about 450° F and the titanium alloys 
from there to about 1000° F. 

Without considering the creep aspects, general 
indications are that the aluminium alloys are satisfactory 
for compression-loading applications for temperatures 
up to about 300° F. From about 300° F to 900° F, the 
titanium alloys look promising. At still higher tempera- 
tures, a good heat-resistant alloy is needed to provide a 
structure having adequate strength and minimum weight. 


SMOKE ABATEMENT 





Air-Pollution Activities. 


(From Mechanical Engineering, U.S.A., Vol. 75, No. 9 
September, 1953, pp. 712-714.) 


LIKE many similar non-defence activities, research on 
air-pollution problems decreased to a marked degree 
during World War II. Following the war, interest in 
the subject was resumed only slowly. However, wide- 
spread attention was attracted to the problem of at- 
mospheric contamination after the Donora ‘“‘ smog ” 
episode of October, 1948, which resulted in some 
twenty deaths. 

Previously, the only similar incident for which there 
is a record took place in the Meuse Valley in Belgium 
in 1930, when a period of intense fog resulted in the 
death of sixty persons. In November, 1950, a serious 
exposure to an accidental escape of hydrogen sulphide 
in Poza Rica, Mexico, caused twenty-two deaths. More 
recently, the past winter brought prolonged and intense 
fogs to Europe and, in particular, to the London area, 
where over 4000 deaths were precipitated. 

These occurrences, plus a wide variety of local 
problems, have served to increase activity in the study 
of air pollution, its causes, effects, and control. Public, 
governmental, and industrial interest has stimulated 
research programmes in a large group of agencies, in- 
cluding the universities, colleges, and institutes. Sup- 
port for these research activities comes from many 
sources, such as governmental agencies on all levels, 
foundations, committees, associations of all types, 
industry, and individuals, while, in some cases, the 
work is sustained by the research institution itself. 

The value of the information being obtained is 
that, probably for the first time, it brings together a 
fairly complete compilation uf the research being done 
on a subject of definite public and scientific interest. 
Even readers who take a major interest in air pollution 
and who presumably have the best information available, 
will be surprised to learn of the relatively large number 
of organisations doing research in this field. In ad- 
dition, the information will be useful to those interested 
in sponsoring research on specific problems, and may 
serve as a foundation for an effort by which some degree 
of co-ordination can be achieved. 
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SPRINGS 


Endurance of Helical Springs Related to Pro- 
perties of Wire. 


By H. C. Burnett and C. L. StauGaitis. (From 
Metal Progress, U.S.A., Vol. 64, No. 3, September, 
1953, pp. 77-81, 8 illustrations.) 


Music wire or music spring wire, which is made from 
meticulously refined, eutectoid carbon steel, has long 
been recognised as one of the best types of wire for 
coiling springs intended to withstand high fluctuating 
stresses. All too frequently, however, engineers lack 
adequate information concerning the fatigue life of 
springs—especially at high stress levels. While the 
fatigue life of wire in reversed bending may be deter- 
mined quite rapidly, it is not so easy to determine 
accurately the life of wire after it has been coiled into a 
spring and stressed in torsion as it is in service. 

As part of a broad programme to improve the 
performance of springs, a study has been made of 
the correlation between the fatigue properties of 
music spring wire, as determined by reverse bending 
tests, and the fatigue properties of helical compression 
springs wound from this wire. 

Four commercial samples of music wire were tested 
for fatigue in reversed bending in two types of testing 
machines and fatigue tests were also made on 24 short 
compression springs wound from each of these four 
coils of music wire. All were stress-relieved at 365° F 
for 20 minutes after coiling and then pre-set by com- 
pressing to 75 per cent of their tensile strength. 

Examination of those springs which had failed 
clearly showed that initial cracking always proceeded 
along a longitudinal plane of maximum shear stress. 
Cracks of this nature often extended for a considerable 
distance along the inside of a coil. Tensile fatigue cracks 
which later formed and progressed until complete 
fracture occurred always started at a short longitudinal 
shear crack. Abnormally large amounts of set and loss 
in spring constant during cycling may be attributed to 
the presence of such shear cracks. 

These observations suggest that the maximum shear 
stress theory for failure is adequate in the case of springs. 

The agreement of the results obtained from the 
four wires was sufficiently close to indicate that they 
provide a reasonably accurate method of estimating the 
fatigue properties of short springs from the reversed 
bending fatigue tests of the wire. 

It is also concluded that reversed bending fatigue 
tests of wire will indicate the approximate fatigue 
strength of helical springs wound from that wire. 
However, the correlation is not sufficiently good to 
differentiate between samples of similar wire. Surface 
defects in the wire—even in this high-grade material, 
given the best of attention in its manufacture—increased 
the dispersion of the test data. 


WELDING 


The Welding of Titanium Alloys 


By C. B. VotpricH. (From The Welding Journal, 
U.S.A., Vol. 32, No. 6, June, 1953, pp. 497-515, 50 
illustrations.) 


ALTHOUGH substantial advances have been made, there 
is still much to learn in many aspects of titanium welding 
metallurgy and the design and performance of titanium 
welds. More knowledge is required of the influence 
of oxygen, nitrogen, carbon, and hydrogen on 
the transformation characteristics of alloys containing 
the beta-stabilising elements. Also, more information 
1s needed concerning suitable heat treatments for welded 
joints, the ageing characteristics of welds at elevated 
Service temperatures, the fatigue strength of welded 
joints, and the structural performance of titanium 
welds at various temperatures through the transi- 
ton range from ductile to brittle behaviour. 
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Titanium alloys are not difficult to weld, but care 
must be taken to protect the molten weld metal and the 
adjacent hot base metal from air, to prevent the em- 
brittling effect of oxygen and nitrogen pick-up. More- 
over, ductile welds cannot be made in titanium alloys 
containing excessive amounts of oxygen, nitrogen, or 
carbon, nor can use be made of filler metals which con- 
tain an excess of these elements. 

Alloys of the single-phase alpha type, such as high- 
purity titanium, commercially pure titanium, and the 
titanium-aluminium alloys, make good welded joints with 
excellent ductility. Alloys of the two-phase alpha-beta 
type, however, will always present some weld-ductility 
problems, but, as knowledge of the metallurgical 
characteristics of these alloys increases, welding pro- 
cedures and heat treatments will be developed, with an 
improvement in weld ductility. Furthermore, by using 
the more ductile filler metals, reasonably strong and 
ductile welds can be made in some of the alpha- 
beta alloys. 

Alloys of the single-phase beta type, such as the 
high-chromium alloys, can also make strong and ductile 
welds. However, ductile welds are not as intrinsic a 
property of beta alloys as of the single-phase alpha alloys. 





Some Impressions of the THIRD EUROPEAN 
MACHINE TOOL EXHIBITION, BRUSSELS 
(Concluded from page 370) 


although a French firm has developed two different 
machines for longitudinal and face copying, two- 
directional copying, as used on some profile grinding 
and trueing devices, as well as on well-known cam copying 
machines, has not yet been introduced, as far as the 
writer is aware, in spite of some theoretical discussion 
on the subject. Producers of copying equipment seem 
to be more concerned with improvements in detail and 
control, such as combined pneumatic-hydraulic control, 
than with the more basic solutions. 

Whilst copying technique is a great asset for all 
reproduction and mass-production techniques and is 
able to relieve the operator of repetition work, there is 
in the background the still more important generation 
technique, as already applied so successfully to gear 
production processes, and shown in the hobbing and 
Fellows methods. These techniques are now applied 
to shaft turning and the production of repeating sur- 
faces. These, however, are small beginnings compared 
with the development which can reasonably be 
expected. 

Electro-mechanical methods of machining irregular 
holes were demonstrated by Sparcatron and Erodomatic. 
New developments are the machining of surfaces with 
controlled surface finish on hard materials, including 
sintered carbides, with a minimum wear of the tool and 
at about one quarter of the peripheral speed required 
for ordinary grinding. 

Over a number of years, abrasive belt grinding has 
developed into a most important method of surface 
finishing, with no high demands on accuracy. Modern 
high-speed machines of this type could be seen on a 
number of stands. The method is now applied to the 
grinding and polishing of larger diameter dies, using 
endless belts of different widths and grain sizes, guided 
over rollers and spring-tensioned. 

Schiess A.G. has developed a new and relatively 
simple hydraulic pressure regulator, which can be 
included in the return line from motor to tank of any 
hydraulic circuit of conventional type. The idea is 
that a slight increase in pressure in the hydraulic system 
causes a part of the hydraulic fluid to bypass, so that 
working pressure is not increased. This device was 
demonstrated at the stand of the Belgian firm Matheys 
in drilling with twist drills, but the principle itself may 
find wide application in all sensitive machining 
operations. 
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i NEWS OF THE MONTH 








PERSONAL 


H.R.H. The Duke of Edinburgh has consented to become 
an honorary member of the Engineering Institute of Canada, 
2050 Mansfield Street, Montreal, Canada. 

Mr. C. F. Barnard, general manager of Mirrlees, Bickerton 
and Day Ltd., Stockport, has been appointed managing director of 
the company. 

Mr. W. V. Binstead, A.M.Inst.W., has joined the Saturn 
Oxygen Group of Companies, Roehampton Lane, London, S.W.15. 

Mr. P. Carrington, A.I.M., has joined Macrome Ltd., 
Aldersley, Wolverhampton, as metallurgist. 

Mr. C. H. Charles has been appointed general manager, Mr. 
W. B. Jones general sales manager, and Mr. S. Jackson assistant 
general sales manager, of the Delco-Remy-Hyatt Division of 
General Motors Ltd., 111 Grosvenor Road, London, S.W.1. 

Captain (E) C. C. Clark, O.B.E., D.Sc., has been promoted 
Rear Admiral (E) and appointed third naval member of the Com- 
monwealth Naval Board and Chief of Construction. 

Mr. C. Beresford Clark, marine sales manager of the Regent 
Oil Co. Ltd., 117 Park Street, London, W.1, has been appointed 
lubricants sales manager. In his new appointment, Mr. Clark 
will be in charge of I.C. engine and industrial oil sales. 

Mr. I. B. Cooke, previously works manager of Fielding and 
Platt Ltd., Gloucester, has been appointed a director and general 
manager of the Hopkinson Electric Co. Ltd., Cardiff. Mr. J. W. C. 
Milligan relinquishes the managing directorship of Hopkinsons, 
but retains a seat on that company’s Board. 

Mr. G. R. Edwards, C.B.E., B.Sc., F.R.Ae.S., A.M.I.- 
Struct.E., has been appointed managing director of the 
Aircraft Division of Vickers-Armstrongs Ltd., Vickers House, 
Broadway, London, S.W.1. This Division comprises the Weybridge 
and Supermarine Works. Mr. T. Gammon, O.B.E., M.I.Mech.E., 
has been appointed general manager of the Division. On December 
Ist, Mr. W. D. Opher, M.I.Mech.E., will become general manager 
of the Elswick, Scotswood, Wakefield and Chertsey works, and 
Mr. J. R. Kelly general manager of the Crayford and Dartford 
works and in charge of the Whitehead Torpedo Works. 

Mr. Frederick Grant, M.C., Q.C., has been appointed 
independent chairman of the executive committee of the British 
Iron and Steel Federation, Steel House, Tothill Street, London, 
§.W.1, in succession to the late Sir Andrew Duncan. 

Mr. F. J. Groves, of 2 Arnewood Road, Southbourne, 
Bournemouth, has been appointed representative in the Hampshire 
and Dorset area for Sanderson Brothers and Newbould Ltd., 
Sheffield. 

Mr. W. Harper Hill has been appointed a director of C. and 
M. Engineering Co. Ltd., Thames Road, Barking, Essex. 

Mr. Cecil F. Hurst, a director since 1938, has been appointed 
deputy chairman of Samuel Osborn & Co. Ltd., Clyde Steel Works, 
Sheffield 3. 

Mr. H. S. Hvistendahl, B.Sc.(Eng.), M.I.Mech.E., M.LE.E., 
A.M.LC.E., has resigned his position as chief engineer of the Tur- 
bine Division of the Brush Electrical Engineering Co. Ltd., and 
has joined Merz and McLellan, consulting engineers, Carliol 
House, Newcastle-on-Tyne, as head of their investigation and tests 
department. 

Mr. Dermot W. Kent, B.A., A.C.A., has resigned from the 
Board of the Igranic Electric Co. Ltd. and has been appointed 
commercial director of their associated company, Sentinel 
(Shrewsbury) Ltd., Shrewsbury, Shropshire. 

Mr. Ian McLeod, Mem.A.S.M.E., A.M.I.P.E., has joined 

the Process Engineering Division of Sharples Centrifuges Ltd. 
He was formerly chief engineer of the Premier Hill Corporation, 
Geneva, N.Y., manufacturers of processing equipment for the oil 
and chemical industries. 
_ Mr. F.H. Mann, M.LE.E., has been appointed senior electrical 
inspector of factories and electrical adviser to the Home Office, in 
succession to Mr. H. W. Swann, O.B.E., M.LE.E., who retired 
from this position. 

Mr. Henry Nimmo, C.B.E., M.I.C.E., M.LE.E., M.I.Mech.E., 
chairman of the Southern Electricity Board and part-time member 
of the British Electricity Authority, has been unanimously re- 
elected President of the Council of the Engineers’ Guild, 78 
Buckingham Gate, London, S.W.1. Mr. William Lynn, M.I.C.E., 
M.LW.E., senior partner of Cowan and Lynn, consulting engineers, 
Glasgow, has been elected chairman. 

Mr. Philip C. N. Pickworth, chief engineer of B. and S. 
Massey Ltd., Openshaw, Manchester 11, has been appointed a 
director of the Company. 

Mr. Maurice Platt, M.Eng.(Sheffield), M.I.Mech.E., chief 
engineer of Vauxhall Motors Ltd., has been elected to the Board 
of the Company. Mr. Harold Drew, A.C.G.L, B.Sc.(Eng.) 
(Lond.), M.I.Mech.E., has been appointed assistant chief engineer 
of General Motors Overseas Corporation, Detroit, Michigan. 

H.M. the Queen has approved the appointment of Col. 
R. W. W. Taylor, T.D., A.M.LMech.E., M.LProd.E., as 
Honorary Colonel of 120 Transport Column, R.A.S.C. (T.A.). 
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- are now saving valuable 


Well known in Midland industrial circles, Colonel Taylor is 
the managing director of Lang Pneumatic Ltd., of Wolverhampton. 


Mr. W. Twaddle has joined the technical staff of Coleman- 
Wallwork Co. Ltd., Stotfold, near Arlesey, Bedfordshire. 


Mr. Arthur Upton, Assoc.I.E.E., has returned from the 
United States and has resumed his position as manager of the 
Switchgear Department of Johnson & Phillips Ltd., Victoria 
Works, Charlton, London, S.E.7. 

Air-Commodore James Warburton has been appointed a 
director of Auto Diesels Ltd., Uxbridge, Middlesex. 

Dr. A. A. Wells has been appointed chief research engineer 
and head of the Engineering Research Station of The British 
Welding Research Association, at Abington, near Cambridge. 








The Aluminium Develop t Association announces the 
following changes in the membership of its Council and Executive 
Committee :— 


Mr. H. E. Jackson has resigned from the A.D.A. Council, 
following his retirement from the Board of Imperial Chemical 
Industries Ltd. (Metals Division). His place has been taken by 
Dr. Maurice Cook. 

Mr. G. A. Woodruff has resigned on retiring from J. Stone 
& Co. Ltd. He represented L.M.F.A. Development Ltd. on the 
Council and his place has been taken by Mr. J. F. Paige of 
William Mills Ltd. 

Mr. C. W. Cumber, representing Richard Thomas & 
Baldwins Ltd., has resigned on taking up an oversea appointment 
with his Company ; his successor has yet to be appointed. 

Following the appointment of Dr. Maurice Cook to the 
Council, he has been succeeded on the Executive Committee 
by Dr. N. P. Inglis. 

Mr. F. G. Woollard has resigned, following his retirement 
from the Birmid Group, and his place has been taken by Mr. 
Harold Goodwin of Birmetals Ltd. 

Mr. F. R. C. Smith has also resigned, since in his new 
position in the Aluminium Limited Group it was impracticable 
to continue representing Aluminium Laboratories Ltd. on this 
Committee. Mr. J. H. Mayes of Northern Aluminium Co. Ltd. 
has been appointed in his place. 





THOUSANDS OF BUSINESS EXECUTIVES, 
ACCOUNTANTS, ENGINEERS, CHEMISTS & 
TECHNICIANS OF EVERY KIND 





time by using the famous 


CURTA 


CALCULATING MACHINE 


MODEL |. Capacity8 « 6 ~ II 
ALSO NOW AVAILABLE 


MODEL 2. Capacity || x 8 x I5 


This unusually high capacity 
machine weighs only 12 ozs. 


Special features include: 

% Speedy and silent operation 
%& Tens transmission and visible dials thoughout 4% Unique 
portability ye Handy reversing lever ye Highest quality 


Precision construction. 
Write or telephone for a d ‘ration 


LONDON OFFICE MACHINES LTD. 
128 TERMINAL HOUSE, GROSVENOR GDNS., LONDON, 





S.W.I. Telephone: SLOane 1626 and 106] 





405 


















Rainville supply all types of cutting and weld- 
ing equipment (besides the famous ‘ Beryl’ 
F.H.P. motors, grinders, polishers, etc.) These 
BGT cutting and heating nozzles shown here 
are a few from a complete range of all types: 
annulus and splined (self-centering) nozzles 
for acetylene, propane or hydrogen. 


BGT NOZZLES AND CUTTERS 


RAINVILLE ENGINEERING CO. LTD, 
Downshire House, Roehampton Lane, London, S.W.I5. PUTney 7742 


Branches: Birmingham, Glasgow, Lym- 
ington (Hants), Manchester, Sunderland, 
‘Sheffield, Thornaby-on-Tees, London (56, 

Lymington Road, N.W.6) 

















smith’s technical 
book service 


Books on the latest developments in every aspect of 








engineering can be obtained from any branch of Smith’s. 
Books not actually in stock can usually be supplied 
within a day or so. Smith’s Postal service can send books 
to any address at Home or Overseas. Lists of the standard 
works on any subject quickly supplied on request. 


W. H. Smith & Son 
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BUSINESS NOTES 


Mining & Chemical Products Ltd. have moved into new 
offices, in front of Shell Mex Building. The new address is 86 
Strand (1st Floor), London, W.C.2. Tel. No.: Temple Bar 6511. 

Ransome & Marles Bearing Co. Ltd. have opened a new 
branch factory at Annfield Plain, County Durham. It is hoped 
that the factory will be in full production by the middle of 1954 
and it will greatly contribute to meeting the demand for ball and 
roller bearings. 

Tube Investments Ltd., The Adelphi, London, W.C.2, have 
acquired the share capital of W. H. A. Robertson & Co. Ltd., 
Bedford. The company will operate, however, as a separate entity. 

The Abbey Panel & Sheet Metal Co. Ltd., Old Church 
Road, Little Heath, Coventry, announce that their Telephone 
Number has been changed to CovENTRY 89461 (3 lines). 

Removal of Restrictions on the use of Molybdenum in 
Alloy Steel. The Minister of Supply has issued a Direction re- 
moving the restrictions on the use of molybdenum in alloy steel 
as from September 21st, 1953. Improved supplies of molybdenum 
have enabled restrictions on this material to be removed. 

Restrictions on the use of nickel in alloy steel will continue in 
force for the time being. This relaxation of control follows the 
recent announcement by the Council of the O.E.E.C., reported in 
our last month’s issue, of its decision to suspend molybdenum 
restrictions in member countries. 

Stanley Howard Ltd., 75-76 Exchange Buildings, Stephenson 
Place, Birmingham 2, announce that they are sole distributors for 
“Wanderer ” milling and thread milling machines. 


The Gauge and Tool Makers’ Association, Standbrook 
House, Old Bond Street, London, W.1, have issued a revised set 
of “ Specimen Terms and Conditions of Sale” for the guidance 
of member firms. The price is 2/- per copy. 

The Newall Engineering Co. Ltd., Peterborough, and 
Tolimit Gauges Ltd., Fulham, have entered into an agreement 
whereby the gauges manufactured by the Tolimit Company will 
be distributed solely by Newall Group Sales Ltd., under the name 
Newall-Tolimit Gauges. 


A gauge sales office has been established at 16 Peterborough 
Road, London, S.W.6, this being in the charge of Mr. F. Keeley, 
formerly publicity manager of the Newall Group of Companies. 


National Plastics (Sales) Ltd., a new company, has been 
formed to handle the selling activities of British Moulded Plastics 
Ltd., London, and Moulded Products Ltd., Birmingham. 

National Plastics (Sales) Ltd., like the two manufacturing 
companies, is a wholly owned subsidiary of National Plastics Ltd. 
It will be administered from Avenue Works, Walthamstow, London, 
E.4, but there will be offices in Birmingham at Moulded Products 
Ltd., Chester Road, Tyburn, Birmingham 24. 


R. H. Windsor Ltd., of Chessington, Surrey, have acquired 
the whole of the issued share capital of Y. R. Collyear Ltd. 
(Engineers), of Alperton, London. Mr. A. G. Dennis, LL.M., 
chairman of R. H. Windsor Ltd., has been appointed chairman, 
and Mr. C. Norman Baker, F.C.A., Mr. R. D. King, A.R.Ae.S., 
and Mr. R. E. G. Windsor have joined the board. 


Official opening of the Hyster N.V.’s new Nijmegen (Holland) 
plant took place on 3rd October. It will lead to greater availability 
and speed-up of delivery of much of the materials handling equip- 
ment and Caterpillar Tractor attachments so badly needed in 
Europe. Mr. Frank A. Rostedt is managing director of the 
Company. 

A Symposium on Cathodic Protection will be held at the 
Institution of Electrical Engineers, London, W.C.2, on Friday 
November 13th, beginning at 9.45 a.m., and finishing at 5.30 p.m. 
Seven papers will be presented, embodying experience gained in 
various parts of the world with the protection of ships, underground 
es tanks, and other structures used in contact with water 
or soil. 

Cathodic Protection is a method which has been energetically 
developed during the last few years but has not hitherto had full 
public discussion in this country. The Society of Chemical Industry, 
Corrosion Group, in organising this Symposium, is giving oppor- 
tunity for such discussions. It is understood that pre-prints of the 
papers will be available before the meeting. Details of the papers to 
be given will be issued shortly. 

Wickman Ltd., Tile Hill, Coventry, have been appointed sole 
agents in the United Kingdom for the Maskinfirma R. L. Carlstedt, 
Malarhojden, Stockholm, Sweden, and for Maschinenfabrik 
Weingarten A.G., Weingarten, Wuertemberg, Germany. 

The Allis-Chalmers Manufacturing Co., Milwaukee, 
U.S.A., which has already a branch at Totton, Hants., and a factory 
at Essendine, Lincolnshire, is forming a new British company for 
dealing with business in the United Kingdom and with exports 
from this country. The Board of the new company will include 

t. W. A. Roberts, President of the parent company, Mr. E. J. 
Mercer, general manager of the English branch, and Mr. M. M. 
Tulloch, London manager of the general machinery division. 


SUPERCHARGED GAS ENGINE DEVELOPMENTS 


N After many years of research, recent developments by The 
National Gas and Oil Engine Co. Ltd., of Ashton-under-Lyne, 
poe es it possible to supercharge the four-cycle spark ignited 
2. 

wae engines offer a 25 per cent higher thermal efficiency than 
va a 8as engines, consuming less than 7,000 B.Th.U. per bhp 
ped ap which means a fuel saving of 20 per cent over the con- 
hi os gas engine and a heat input per bhp as low as that of the 
ghly developed diesel engine. By successfully increasing brake 
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mean effective pressure from that of the gas engine to that of the 
supercharged diesel engine, 100 per cent more power is produced 
for the same space and weight required for an ordinary gas or dual 
fuel engine. 

Heat dissipation is not increased and cooling water equipment 
which served atmospheric engines will also be suitable for the 
supercharged gas engine, despite the increase in power. 

Development is still continuing at National Works in Ashton 
and there is no doubt that ultimately even greater B.M.E.P. will 
be achieved with increased fuel economy. 


DESIGNING A SWITCHBOARD FOR A CONFINED 
SPACE 


An ironclad L.T. distribution switchboard of unusual design 
has just been supplied by The General Electric Co. Ltd. for an 
aircraft works. It serves a shop with a floor area of 12,500 sq yd 
providing mechanical testing facilities for the whole works. The 
room which houses the distribution board presented the problem 
of providing nine fuse switches and four switch fuses in a confined 
space with a low ceiling only 6 ft 6 in. high. An added complication 
was the necessity to avoid sharp bends in the two incoming cables 
(0:5 sq in. and 0:2 sq in.) fed from an oil circuit breaker on the 
floor above. 

The expedient adopted was to mount four fuse switches on the 
back of the board to save space and to arrange the incoming cable 
boxes at a 45° angle to the top of the busbar chamber. The busbar 
chamber, which was specially built, contains four double busbars 
each consisting of two 2 in. x } in. hard drawn high conductivity 
copper busbars bolted together. 

Five outgoing fuse switches are mounted beneath the busbar 
chamber. The fact that they could be bolted direct to the bottom 
of the busbar chamber without a conduit link was due to the design 
of the standard G.E.C. medium weight range of switchgear, which 
incorporates knock-out end plates for such purposes as this. There 
are in addition four switch fuses on top of the board, each self- 
supporting on its own adaptor box. 

The overall height of the board is 6 ft 3 in., overall width 8 ft 
and overall depth 2 ft. It is self-supporting on its own pedestals 
of 4 in. x 2 in. channel angle iron. 


NEW TRAIL-BLAZING PROCESS 


The International Nickel Company of Canada Limited is 
undertaking, in an historic mining development, the production of 
by-product iron ore from nickel ores in the Sudbury District of 
Ontario, where its mining operations are centred. 

Outlining plans for the project, J. Roy Gordon, Vice President 
and General Manager of Canadian Operations, said the company 
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VERTICAL GEAR GENERATING 
MACHINES MODEL VIOA 


SYRES 


External and internal spur and helical gears; 
splines, serrations and special forms can all be 
generated at high production rates yet with the 
greatest accuracy. These machines are auto- 


matic in operation and there are no cams to 
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was beginning immediately the construction of a $16,000,000 plant 
in the Copper Cliff area as the first unit in an operation which will 
ultimately yield about 1,000,000 tons of high-grade iron ore a year 
in addition to nickel from Sudbury ores. 

A trail-blazing new process, developed by the company’s 
research staffs, has made the undertaking possible. A most important 
feature of the project is the resultant release of smelter capacity 
which permitted Inco to assume the five-year contract it recently 
signed with the United States Government for delivery of 120,000,000 

unds of defence-vital nickel without diversion of regular supplies 
from industry. Pending construction of the new plant, the company 
has taken emergency measures to expedite deliveries against this 
large commitment, which represents output over and above its 
current peak nickel production. 

The new plant will supply iron ore higher in grade than any 
now produced in quantity in North America. Containing at least 
65 per cent iron natural and less than 2 per cent silica, this ore will 
command a premium price for direct use in open hearth and 
electric furnace steel production in Canada and the United States. 
By comparison, ore from the famed Mesabi pits of Minnesota 
contains 51:5 per cent iron natural. The North American steel 
industry is at present largely dependent on imports from such 
countries as Brazil, Venezuela, Sweden and Liberia for its require- 
ments of ore as high in grade as Inco will produce. 

Initially, the plant will treat 1,000 tons a day of nickel-bearing 
pyrrhotite removed from ore in the early stages of processing at 
Copper Cliff. Its smoke stack will be among the tallest in the world. 

The new process, with its yield of iron ore. now makes possible 
the treatment of lower grade Sudbury ores, hitherto considered 
uneconomical. Among several important contributions made to 
metallurgy by Inco since the end of World War II, it is one of a 
series of carefully planned developments, by which the company’s 
ore treatment processes are being revolutionized. Copper-nickel 
separation by controlled cooling and flotation of matte, and oxygen- 
flash smelting of copper-nickel concentrates, are two other recent 
Inco developments of far-reaching significance. 

Demand for nickel by the Allied Nations in World War II and 
during the Korean conflict, coupled with increasing commercial 
requirements and rising costs, spurred a vast conversion programme 
for which Inco has so far allocated over $160,000,000 of its own 
funds. High on the list of the company’s post-war technical studies 
was this latest improvement. Inco has proven the process through 
several years of exhaustive investigation, including elaborate pilot 
plant operation. In March, 1953, the company was able to advise 
the Defence Materials Procurement Agency of the United States 
Government that this phase, essential in proving any new process, 
had been completed and that it was in a position to guarantee 
prompt additional supplies of nickel for the defence effort. The 
contract with the United States Government followed. 

The recovery of iron ore as a by-product is considered one of 
the outstanding advances in nickel extraction metallurgy. Nickel 
production throughout the world, both in plants operating at 
present and in plants under construction, is based on processes in 
which the iron content of the ore is rejected in slag or in tailings. 
Ferro-nickel production in which iron is an undesirable impurity, 
involves recovery of only a minor portion of the ore’s iron content. 

The Inco method, in addition to being the first to permit the 
recovery of high-grade iron ores, is of great importance in opening 
the way for increased recovery of other elements, including sulphur, 
when its production is economically feasible, from the complex 
Sudbury ores. 


UNIVERSAL PORTABLE ELECTRIC TOOLS 


N.A.E.S. Ltd., of Knoll Street, Higher Broughton, Manchester, 
7, are the sole distributors in the United Kingdom for the universal 
portable electric tools manufactured by Robert Bosch, G.M.B.H., 
Stuttgart, Germany. These tools are supplied for operation on 
110, 150, and 200 to 250-volt current supplies. The units, which are 
provided with built-in switches, can be plugged directly into A.C. 
or D.C. circuits. There are available three main types of tools : 
The first is the 80 watt input type, which has fully insulated, quickly 
detachable and, with one exception, interchangeable motors ; 
secondly, there are larger units fitted with motors of 180 watt input, 
and finally, a new range of 400-watt fully-insulated tools is now 
available. 

The interchangeability of the units in the 80-watt range is 
clearly illustrated by the Bosch 80-watt multi-purpose portable 
electric tools. One motor can be fitted to any of the five different 
operating heads, comprising an oscillating valve grinder, a screw- 
driver and nut-runner, a multi-purpose unit, a sheet metal shear, 
and a nibbler. 

The valve grinding head gives 560 oscillations per minute, under 
full load conditions, and the tool weighs 4:4 Ib. When the appro- 
priate work-holding device is fitted from the range of accessories 
available, all types of valves for internal combustion engines, 
including those of the overhead-valve type, can be lapped. 

The 80-watt nibbler is a recent innovation, and will slot sheet 
steel up to 18 S.W.G. at a full-load speed of 1,500 strokes per 
minute. The smallest circle that can be cut is 1 in. diameter, and a 
cutting rate of approximately 36 in. per minute can be obtained. 

f Also available is a high-speed die-grinding head, which is 
tted with a collet chuck to admit 3 mm diameter shanks, for 
gtinding wheels up to $ in. diameter, with no-load and full load 
5 Nee of 50,000 rpm and 3500 rpm respectively. Its weight 
b Drilling, milling, filing, grinding, counter-sinking, reaming, 
pushing, polishing, and sanding operations on ferrous and non- 
exrous metals, and on many non-metallic substances can be per- 
ormed with the multi-purpose unit, the head of which is fitted 
with a three jaw chuck to hold the various tools. It will drill holes 
full } in. diameter in steel, has a spindle speed of 1,000 rpm at 
ull load, and weighs 4 Ib (complete). The multi-purpose unit of 
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180-watt capacity can drill holes in steel up to § in. diameter. The 
full-load spindle-speed of this larger unit is 900 rpm and its weight 
5-31b. Angular heads to suit both sizes of units can also be supplied. 
Among the other types of 180-watt units which are available is one 
which is provided with a collet chuck suitable for driving grinding 
wheels up to 3 in. diameter, and admitting tool shanks from 4 in. 
to 7 in. diameter. This unit has a full-load spindle speed of 
2,900 rpm and weighs 4:6 lb. A die-grinder can be supplied, 
fitted with collet chucks admitting shanks from 1/39 to 4 in. diameter 
(standard size 6 mm diameter) for grinding wheels having a maximum 
diameter of 1 in. The spindle-speed is 14,000 rpm at full-load and 
the weight 5 lb. These grinders are very suitable for use with 
tungsten carbide cutters. Vertical and horizontal holders are 
available for supporting all these tools, as well as spring com- 
pensated suspension devices. Moreover, by the provision of suitable 
stands, the multi-purpose units can be converted into bench type 
drilling machines. 

Both the 80-watt and 180-watt ranges include screwdriving and 
nut-running tools. The smaller tool, suitable for metal threads, 
which weighs 4-2 Ib. will deal with screws from 7/4 to } in. thread 
diameter at a full-load spindle-speed of 750 rpm in a clockwise 
direction. A similar model but with a slower speed is available for 
driving wood screws. It has a capacity from 7/g4 to 4 in. thread 
diameter, a full-load spindle-speed of 560 rpm clockwise and its 
weight is 4-2 lb. The larger tool for metal and wood screws can 
drive screws from 5/32 to % in. thread diameter, has a full-load 
spindle-speed of 520 rpm clockwise and weighs 5:3 lb. All these 
screwdrivers incorporate roller clutches adjustable for torque 
required. 

For tapping operations, a threading tool with a consumption of 
180-watts will cut threads from 5/32 in. to * in. diameter. Spindle- 
speeds at full load are 325 rpm in the forward direction and 600 
vg in the reverse direction. The tool, whose weight is 6 lb, can 
also be provided with a roller coupling and quick-acting chuck for 
the tapping of blind holes. Though the tapping unit is suitable for 
manual operation, mechanical support is available. 

_ Two sizes of sheet metal shears are available for use with driving 
units, having power consumptions of 80 and 180 watts. The 80- 
watt unit gives 1,500 strokes per minute, at full load, weighs 44 lb 
and is suitable for cutting metal sheets of all kinds up to 18 S.W.G. 
The larger shear provides 1,400 strokes per minute at full load, 
weighs 6:4 lb and can cut sheets up to 14 S These tools 
whose blades can be readily adjusted and replaced, leave the cut 
edges clean, even, and free from burrs. Softer materials such as 
aluminium, synthetic materials, cardboard, leather and plywood, 
can be cut to a thickness approximately 50 per cent greater than 
those indicated above. Bosch tools can also be used for sanding 
and milling operations on wooden and metal patterns. 

A drill with a power consumption of 400-watts is the first unit 
of this range to be introduced. It is fitted with a three-jaw chuck 
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Surface Measuring 


Here is tried, tested, proved Surface Measuring equipment which 
has won approval the world over! It possesses the refinement of 
the laboratory instrument, but combines the serviceability essential 
for everyday workshop usage. 

Model 3 ‘Talysurf’ will cope with a specimen 94” diameter, if 
unsupported by vee-blocks, and by using the Datum Attachment 
accessories will equally accept a specimen such as a watch pivot of 
1/16” diameter at the largest end, and provide a graph record 
down to its tapering end. These two extreme examples demon- 
strate exceptional capacity. No better instrument is available. 
Conforms to British Standard Specification No. 1134 of 1950. Ask 
for List No. TH 204-7. 


Taylor, Taylor & Hobson Ltd., 
Leicester, England. 
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DATUM ATTACHMENT 


Datum Attachment increases ‘Talysurf’ uses, 
as means for measuring radii Convex or Con- 
cave, Chatter and Waves (as distinct from 
roughness) and for narrow surfaces, eg. 
piston rings, watch parts and very small com- 
ponents. 
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for drilling holes up to 33/g4 in. diameter in steel at full-load speed 
of 550 rpm. Other units now being developed include a screwdriver 
and nut runner, and a grinder and polisher. A 350-watt polishing 
unit is available, weighing 9 lb, and running at a full-load spindle 
speed of 1,150 rpm, in which can be incorporated a water feed for 

inding operations on stone surfaces, and for smoothing down 
primer coatings on metal components prior to final painting. The 
accessories for this unit permit of polishing, brushing, sanding, 
grinding, waxing and cleaning operations on a variety of metallic 
and non-metallic materials. 


BOOKS RECEIVED 


Textbook of Engineering Materials. By Melvin Nord, 
Dr. Eng. Sci., LL.B. 510 pp., 172 illustrations, numerous tables. 
Publishers: John Wiley & Sons, Inc., 440-4th Avenue, New York 
16, U.S.A., and Chapman & Hall Ltd., 37, Essex Street, London, 
W.C.2. Price: 21/-. 7 ; é 

This book is specifically intended to introduce the engineering 
point of view to students early in their career. It presents the subject 
of engineering materials in a fundamental, coherent manner, rather 
than as a series of unrelated subjects and processes, and achieves 
a balanced treatment, midway between “‘ handbook engineering ” 
and abstractions which never quite become specific. : 

The first half of the book is a general treatment of the subject. 
Beginning at an elementary level, it introduces fundamental con- 
cepts in physics, chemistry, geology, and other basic subjects. 
Practical problems of importance are solved in each of the various 
branches of engineering. The raw materials of engineering, their 
manufacture and properties, are all studied in a general way. 

In the second half of the book, the specific materials of engineering 
are treated in the light of the generalisations made, and the basic 
engineering concepts introduced in the first half are applied to 
problems in connection with the occurrence, production, properties, 
and uses of various engineering materials. This treatment of the 
subject matter shows the student how to apply simple concepts in 
science to engineering, and how economic factors affect engineering 
practice. 

The High-Speed Internal-Combustion Engine. By Sir 
Harry R. Ricardo, LL.D., F.R.S. Fourth Edition, 1953; 420 pp., 
221 illustrations, numerous tables. Publishers: Blackie & Son 
Limited, 17, Stanhope Street, Glasgow. Price: 40/-. 

This well-known work, by one of the most celebrated authorities 
on internal-combustion engineering, is now presented in a fourth 
edition. The book has been completely rewritten and is in all 
respects a worthy successor to the earlier editions. 

Particular stress has been laid on the subject of mechanical 
efficiency, which, the author feels, has been sadly neglected. Indeed, 
as he points out in his preface, despite thirty years of intensive 
research and development, the fuel consumption of the pleasure 
car of to-day, expressed in ton-miles per gallon, is little, if any, 
better than it was thirty years ago, due largely to the increasing 
part pa by the mechanical losses within the engine itself. 

¢ present edition may be divided roughly into three sections : 
The first few chapters deal with general principles, in which the 
author has sought to indicate trends and tendencies, rather than to 
go into much detail. The next few chapters are concerned with 
materials, or what the author is pleased to call the “‘ ironmongery,” 
and the final chapters deal with certain lines of research and 
development. 

Lighting in Industry. No. 2 in the Series “ Electricity and 
Productivity,” published by the British Electrical Development 
Association, 2, Savoy Hill, London, W.C.2. 154 pp., 85 illustrations. 
Price: 8/6 net (9/- including postage). 

It is widely recognised that good lighting conditions are essential 
for the maintenance of high productivity. However, the role of 
artificial lighting as an active and powerful production tool has yet 
perhaps to be fully appreciated. 

To what extent does lighting affect individual output ? What is 
the difference between good and bad lighting? How can existing 
lighting be improved and yet be economical in operation? On 
what data should lighting systems be planned? These are some of 
the questions confronting works managers and executives in in- 
dustry, and this book attempts to answer them and to enable 
executives to assess the effectiveness of their present lighting and 
to decide whether improvements are needed. 

A useful contribution is a detailed account of the method of 
conducting a lighting survey, which permits factory managements 
to survey their own factories, to ascertain whether their lighting 
is effective and used efficiently. 

Other valuable features include a method of determining the 
most economical programme of cleaning fittings, to remove the 
uncertainty normally experienced in this connection ; and a method 
of fluorescent lamp replacement, to ensure maximum lighting 
Service from these lamps, with more uniform brightness over 
working areas. 

Materials Handling. No. 4 in the Series “ Electricity and 
Productivity,” published by the British Electrical Development 
Seenvicn. 2, Savoy Hill, London, W.C.2. 142 pp., 109 illustrations. 

Mechanical _handling is an important part of the field of 
materials handling. Many kinds of mechanical handling equipment 
are in use to-day, each with its own attributes, but in most cases 
there is only one type which offers the best solution to any given 
handling problem. One of the objects of this book, which is the 
first of its kind to be published in this country, is to facilitate the 
selection of the right type, by presenting in easy reference form the 
wide Tange of mechanical handling devices in general use, their 
Construction, characteristics, and duties. 

Tene mechanical handling equipment is electrically operated. 
€ judicious use of electricity in this way can substantially increase 
Productivity, reduce production costs, and improve working con- 
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ditions. It should, however, be noted that this book deals with ail 
types of equipment used in materials handling, and is not confined 
exclusively to appliances which are electrically driven or controlled. 

An Introduction to Chemical Engineering. By T. K. 
Ross, M.Sc., M.I.Chem.E., A.M.Inst.F. 214 pp., 95 illustrations. 
Publishers : Sir Isaac Pitman & Sons, Ltd., Parker Street, Kingsway, 
London, W.C.2. Price: 21/-. 

Chemical engineers have from time to time made efforts to 
define the scope of their profession, usually when approached by 
members of old institutions with the charge that it consists of 
**nothing but a miscellany of engineering and chemical topics.” 
However, as the author points out, whatever may be the most 
acceptable definition of his title, there can be no doubt that, in the 
practice of his profession, the chemical engineer is called upon to 
execute the visions of the chemist, often employing methods that 
mathematicians would not own, in order to solve problems that 
more orthodox engineers would not attempt. 

A course of training for such a purpose must obviously apply an 
adequate groundwork of chemistry, physics, and mathematics to 
the quantitative treatment of chemical and physical operations. As 
an introduction to chemical engineering methods, this book, which 
is based on lectures given to students, should be invaluable to 
those who have completed a course in physical chemistry, and who 
are interested in the basic methods of chemical engineering. 

he complex processes involved have been reduced to “ unit 
operations,” and throughout the book practical problems form the 
basis of theoretical discussion. 

The M.K.S. System of Units. By T. McGreevy, M.Sc. Tech., 
M.I.E.E. 283 pp., 65 illustrations, numerous tables. Publishers : 
Sir Isaac Pitman & Sons, Ltd., Parker Street, Kingsway, London, 
W.C.2. Price: 21/-. 

In the past, the teaching of Magnetism and Electricity to 
physicists, and electrical science to engineers, has required the use 
of three systems of units, viz.: The C Electromagnetic 
system, the C.G.S. Electrostatic system, and the Practical system, 
respectively, the units employed in the C.G.S. systems being the 
centimetre, the gramme, and the second. 

The introduction of the M.K.S. system of units, based on the 
metre, the kilogramme, and the second, eliminates the need for 
equations of mixed types of units by providing units to fill the gaps 
in the existing Practical system. This book contains a thorough 
explanation of the M.K.S. system of units, its use, and its merits. 

he particular needs of those using other systems are considered, 
and detailed methods of teaching the system to part-time and full- 
time students are given. This book should prove of great topical 
interest and, at the same time, should be of lasting value to electrical 
= and to teachers and students of electrical engineering and 
physics. 
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Several hundred high pressure hose units with 
detachable re-usable end fittings were actually 
assembled and tested to a pressure of 4,500 lbs. per 
sq. in. on the Bowden Stand at the Farnborough Air 
Display. Hose units of this type are now available 
for all industrial applications. 


A new range of approved patent swaged 
end fittings for cable assemblies was also 
wp oun exhibited. 

wire BRAID ~Lhese developments 
INTERLOCK are backed by 56 years 
of engineering ex- 
perience. 







Insist on genuine 
Bowden Products. 


BOWDEN 
(Engineers) LTD., 
Willesden Junction, 
LONDON, N.W.10 
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T used to be arguable whether such 
a course was a good thing, but 
now the argument has no force... 
it’s a law! System engineers know 
that if they want instant access to all parts of their network they must act on impulse;— 
that, of course, means Standard Centralised 
Supervisory Control which gives them full con- 
trol over and indication of all circuit elements 
by means of impulse trains transmitted over 
telephone pilot circuits. 





Standard supervisory systems operate at 50V 
and employ light current telephone type appara- 
tus to control, via interposing relays all types of 
circuit breakers, transformers, etc. 


Centralised supervisory systems using coded 
impulse trains have been specially designed for 
use where pilot lines are scarce. Systems de- 
veloped and pioneered by Standard are fully 
safeguarded by the Constant Total feature which 
prevents maloperation if signals happen to be 
mutilated by, say, induced voltages or any 
other cause. 


Supervisory Control cubicle for the remote control of a 
large 132-kV_ switching station. Facilities including 
metering, synchronising transformer tap control, circuit 
breaker control, isolator indication, alarm _ indication, 
protection trip reset. This equipment was supplied to 
the B.E.A. North Eastern Division. 


Srondard 


Supervisory Remote Control Systems 





Standard Telephones and Cables Limired 


Registered Office : Connaught House, Aldwych, London, W.C.2. 
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